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WORK STATEMENT: 


this proposal covers the design and manufacturing 

` task с? converting Р-102А airplane S/N 53-1806 to 
an Exhibit configuration similar to that accompilshe 
ed by the Air Force on A/P S/N 53-1707 and provid- 
ing migceilenecus other equipment necessary for the 
transportat bion, Loading and unloading, and opera- 
tion of certain mechenically operated parts of the 
&irpiene for denoxrstratian purposes while on exhibit. 


i. 


Airplane S/N 53-1806 will be delivered to Sen Diego 
facility by the Air Force for the following described, 
conversion teal. 


А. Wing 


Remove wings and cut thru each wing 3 1/2 
inches outboard of wing rib 8442, to allow 
outer sections to be transported separately. 


1. 


Provide ettaching brackets necessary to ale 
low for easy veeargsembly of outer section. 
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А. (Contimed) 


3. At wing to fuselage attachment provide two (2) hinges (See A/F 
Draving #102-257-10) on each side of airplane to allow wing to 
be folded fack and upward to e vertical position. 


4, Provide a locking bar or strut which vill hold wing in vertical 
position while airplane is being transported. (Air Force at- 
complished this task by bolting a temporary strut Prom hinge to 
hinge bracket. ) 


5. Provide an electrically overeating hoist (winoh) with 1000# سوہ‎ 
pacity for each drum gimiler to а В-29 bomb hoice for raising 
and lovering wing. 


в. Double drum hoist to be located inside fuselage. 


b. Cables fran drum to pass thru pulley instelled inside at top 
and on center lins of fuselage and continue thru fuselage to 
top edge of wing et which point a hook on the end of the 
cable is engaged to an eye bolt fastened to wing. 


P zz ° = 
1 а? а 4 اس‎ 


DE Ты. 


с. Hlectric controls for hoist to be loesated in door aft of main 
Lending gear opening. 


d. Electric power for hoist to be supplied by 2% volt batteries. 


6. Provide for easy removal end re-iunstellotioa of elevons.  Elevons 
not to be operntable when installed. Tunstall pin ended braces to 
position elevon. 


B. Fin 


1. Remove rudder from toit and provide for easy removal and reeinstaila- 
tion by installing pin ended brates to position rudder. 


I. 


В. 


Co 


D. 
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(Continued) 


2. Fin to be cut at Ч.Ъ. 50 and provisions for easy removal and 
reeinstallation are to be made: 


a. Add doubler to stiffen skin along eut lino. 


b. Add blocks to spars to receive pins and/or bolts for re- 
installation. 


с. Use existing accers holes if possible to provide access to 
bolts or pins. ТР new access holes are requived, doors 
are to te single cover plates, 1.0., piano hinge with a 
Deus fastener. 

d, Remove speed brake for transportation. 

#2. 

Hotes سو‎ limit of fuselage on braller not to exceed 33 ft. 

inches. 


Engine 


1. ingine to be removed and returned to GFAE stores аъ San Diego 
for disposition. 


2. Tail cone to remain on airplane. 

3. Aft section of after burner to ve left in airplane to give ape 
pearance of aa engine instellotlon. A wooden plug to be ine 
serbed at 767:04 end of after burner. 


lh. Ali unnecessary tubing, accessories, ete., that are easily ree 
moved shall be accomplished. 


CANOPY 


1. FProvisioas for operating the canopy by an electrically driven 
compressor to be шаде. 


Note: Compressor to alse operate landing gear and missile hay 
doors, (See Paragraph V. C. 


Cockpit 


1. Cockpit to remain in original, configuraciou. 


2. instrument papel Lights to operate. 


—— س‎ — —À 
 — سسےس‎ 
سس لم سب‎ 


4“ 


beyond sides of trailer bed. (Sse photo) 


Note: See Air Force Drawing 74 '' 7۶1.02۸ Exhibit Configuration". 
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Ге (Continued) 
P. Missile Bay Doors 
1. The missile bay doors are to remain operable using only оре (3) 
actuator on each side. 
2. Actuators to be operated by an electrically driven compressor 
(See Paragraph V.C.) 
с. Main Lending Gear 
i. Landing gear to remain operable. 
Note: Lending gear to operate for purposes of loading and ОВ; 
only. Air pressure for operating landing gear supplied by | 
| the ваше compressor that operates missile doors aud савору: 
| (See Paragraph У.0.). Нове landing gear to be fixed in down 
| posicion. 
| He Nose (Radar) Cone 
i. Мове cone to be removed during transportation. Provide fer easy 
ro-inetslloation. Remove radar and other equipment not rag 
for exhibit purposes. 
| 
| i. Main Wheel Well Fairing to be hinged to prevent fairing extending 
| 


i i. 


Assumptions 


А. 
P, 


C. 


Air Force to deliver airplene S/N 53-1006 to San Diego facility. 
Air Force to deliver two (2) mobile trailers to Sen Diego facility. 


Air Force to deliver with trucks tuo (2) sets of ladders and obsere 
vation platform for space allocation information on trailer. | 


Note: ТР laüders ane platform cannot be delivered, detailed meesure- 
ments will be necessary. 
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(Continued) 


D. 


E. 


Air Force (сер) в San Diego to receive all equipment »emoved from aire 
plane, (See paragraph ТУ. D.) 


Acceptance of exhibit airplane and auxiliary equinmen. vill be made 
et San Diego. 


General Notes 


А, 


D. 


Outer panels of both wings, clevoas, rudder, top of fin, speed braLes 
and nose cone to be transported on separate (exmiliaxy) veller slong 
with crane, lodders and platfoma. 


Fuselage with folded inboard wing panels to be transporte: ол another 
similar trailer. 


Airplane to receive пез paint job with only the basi: Air Ева ek 
terior markings replaced. 


Squipment not necessary for exhibit to be removed 20 airplae and 
returned to G.F.P. San Diego. Special handling procriwre in късата 
ing airplane equi ipment Хо Government te be followed. 


l. Only qualified personnel should remove the engin, ineamuch ag 
this item must have certain componente removed Ғон it prior 60 
being canned. It must then be preserved in а сез а manner ond 
811 engine logs brought wp to date and processed «cording to the 
usual, procedures. | + 


г, The items removed from the ship must be screened tadetermine if 
they ere obsolete. Any obsolete ov low value items such as 
tubing, bracketry, etc., should be diaposed of on tis spot through 
presarrangenonts with the Aix Force Agencies respon ble Рог the 
aircraft. This would preclude the additional cost с: inspection, 
identification, stocking, records, ete. 


3. FÊ possible. arrangements should be made with the ap. сам Air 
Force Agencies Гог any items not considered scrap to ts shipped. 
out оп ед as із basis. Іс would be extremely costly fir items 
to be sent through the ConvaireInspection and on throu: the normal 
processes for shipment of СЕР, 1% is felt that due to ‘he peculiar 
nature of this taek, aruangements could be made whereby whe services 
ability of the items need not be determined at this Facility. 
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(Continued) 


lo The ship must be gereened for classified itens and Ballistic 
items. 1% it is found thet classified and/or teliistic items 
are installed, then 1% is very important that current protes 
dures be followed in xesoving and hesdling these itens. 


5. Due to lack of storage space, no СЕР removed from this aircraft 
should be retained at Convair, San Diego. басе again arrange- 
ments should be made prior to the beginning cf this task to dee 
termine the destination of esch iten, 


Minimum cost material to be used, 1.е., surplus items, ete. ас aire 
craft materials or specification need not be complied with | 


Provisions to be made that equipment may be operated by AC 120 V. 
current by use of rectifier if battery operation is not necessary. 


Auxiliary Equipment 


А. 


с. 


D. 


P. 


Two (2) jack eupports for holding airplane off trailer during transe 
portation. Jack to be secured to bed of trailer for stability but 
arranged so that it will not interfere with unloading of fuselage. 


Provide one (1) cradle to support fuselege whike relensing jacks. 
support to lover landing gear. Compressor to be used to laflate 
г.с. struts. 


Опе (1) electrically driven air compressor capable of operating mis- 
sile doors, landing geer and canopy. Campressor to te internally 
installed. | 


An electric winch intermily installed (See Paragraph II.A. 5. b. and 
Deteil A). 


Miscellancous cradles, supports, eto оп a separate (mwriliary) trailer 
for holding wing outer panels, elevons, rudder, speed brake, upper 
portion of fin, and nose cone, white being transported. 


Storage batteries (automotive) installed in fuselage and on auxiliary 
traller. 


“—— 
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(Continued) 
G. ‘Two (2) storage battery chargers. 
M. Electric controls for all equipment to be located for operation by 
attendant Prom the ground. | 
а. Canopy controls from nose wheel wall. 


b. Landing gear controls (individually eontrolled) may be located 
From any Goor near gear. 


i. Electric motor driven crane mounted оп auxiliary treiler- (See photo) 
a. Crane motor to be l2 volt battery cperoted. 
b. Grene to have 20 foot boom. 

Schedule 
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Engineering Design (Department 6) 2 weeks 
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SUPERSONIC TRANSPORT 
AIRWORTHINESS STANDARDS 
лог FLIGHT RESEARCH PROGRAM 


Richard Abrams, Robert F. LeSuer 
and Lt. Colonel Tommie D. Benefield 


INTRODUCTION 


Civil transport aircraft must meet airworthiness standards as prescribed 
by the Federal Aviation Administration (РАА). As new types of transport 
aircraft are designed and developed, new and revised certification tests 
are sometimes required to ensure standards of safety, reliability, and 
repeatability that protect the traveling public, but which at the same time 
are technically attainable. 


Past studies by various aeronautical research ына 2 shown that there 
are significant differences in both the handling qualities and performance 
characteristics of the slender delta design when compared with well known 
and understood conventional swept-wing aircraft. Perhaps the most obvious 
of these characteristics are: | 


" 
n 


| i 
1. The lack of a break in the lift curve of а delta wing at high angles 


of attack. This characteristic negates the conventional stall speed concept. 


2. А proportionally higher ground effect on lift, which results in 
prohibitive induced drag effects under certain takeoff conditions. For 
example, a delta-wing aircraft could become airborne within ground effect 
at seemingly normal pitch attitudes and angles of attack, resulting in 
induced drag out of ground effect that could prevent acceleration to 
acceptable climb speeds. 


3. The low aspect ratio delta design also exhibits extreme sensitivity 
in climb performance at initial climb speeds because of the proportionally 
high changes in induced drag with relatively small chañges in airspeed and 
angle of attack. 


These aerodynamic differences, together with the relatively high takeoff 
thrust to weight ratios introduced by the supersonic transport (SST) designs, 
require the development of either supplemental standards, or a complete new 
set of takeoff airworthiness standards that can be applied to these unique 
aircraft. 


The purpose of this report is to present the results of a flight research 
program conducted by the FAA to provide information for the development of 
takeoff airworthiness standards for-supersonic transport aircraft. 
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! 
| Тһе basic program objectives were: (1) to develop standards,that are rea- 
sonable, practical, and that assure the required levels of safety; and (2) | 
| to develop practical techniques and methods for determining compliance with 
these standards. 


Е-102А №300 (USAF S/N 57-0835) was utilized for these tests. The test 
program was conducted at the Air Force Flight Test Center (AFFTC), Edwards 
Air Force Base, California, from 26 June 1970 to 20 November 1970, and ' 
required 58 flights, which totaled 59 hours and 25 minutes of flying time. 
The airplane was maintained by Air Force personnel under contract to the FAA. 
The aircraft's flight test instrumentation system was designed, installed, 
and maintained by General Electric (GE) Company flight test facility per- 
sonnel at Edwards Air Force Base. The test aircraft was also housed and 
operated out of this facility during the program. Instrumentation system 
and associated data reduction support were provided by GE under contract 
to the NASA Flight Research Center. | 


AIRCRAFT DESCRIPTION 


The F-102A airplane was designed as a single-place, supersonic, high-altitude, 
all-weather interceptor, and was built by General Dynamics /Convair. The 
airplane was best characterized by a large 60-degree delta wing with cambered 
leading edges and by the absence of a conventional empennage; 
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Figure 1. Three-view drawing of the Е-102А 


The F-102A was powered by a Pratt and Whitney 157-Р-2ЗА axial - -flow turbojet 
engine with afterburner. Flight control surfaces consisjted of elevons, 

which operated together for longitudinal control and differentially for 
lateral control, and a conventional rudder. А11 controll surfaces were 
hydraulically actuated. The flight control system incorporated an artificial 
feel system and gyro-stabilized yaw and pitch damper systems. Speed brakes 
were mounted on the aft fuselage beneath the rudder. The empty weight of 

the test aircraft was 21,880 pounds including pilot, instrumentation, oil 

and unuseable fuel. Total fuel capacity was 1,572 gallons (10,220 pounds 

at 6.5 pounds per gallon) which included 436 gallons carried in external 
tanks. Additional information on the F-102A is given 1п References 1 through 
7. 
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Figure 2.  F-102A N300 


External modifications to the test aircraft included installation of a test 

nose boom containing angle of attack and sideslip sensors, a tail skid 

incorporating ground proximity devices, and a nose-mounted radar altimeter 
| 

system. | 


INSTRUMENTATION  ' 


A 100-channel pulse code modulation (PCM) tape recording! system was used 
to record flight data. This system converted the sensor's analog output 
Signals to a digital format and recorded the digitized data on tape. 
Special flight test instruments were also installed on the pilot's main 
instrument panel. А description of these instrumentation installations is 
contained in Appendix II. 


program to record pertinent takeoff parameters. This facility consists of 
Askania cinetheodolite equipment located in two towers positioned approx- 
imately one mile northwest and one mile in from each end o£! the 15,000 ft. 

| main runway. (The main runway lies approximately northeast, to southwest.) 

| The AFFTC Technical Support Division provided processing and data reduction 
services for the data obtained from this facility. Тһе AFFTC thrust stand ۱ 
was used during the program to obtain installed static thrust calibration 
data. Тһе АЕЕТС weight and balance facility was used to perform fuel tank 
calibration tests and pre- and post-flight weighings. Additional details 
on these facilities are contained in Reference 8. К | 


| The AFFTC takeoff and landing phototheodolite facility was used during the 
| 


CONDUCT OF TESTS 


Initial test efforts were directed towards the acquisition lof low-speed 
(high angle of attack) aerodynamic data for the Е-102А airplane. Whenever 
possible, these data were compared with applicable performance information 
| obtained during Air Force Category II tests. In most cases, however, а 
comparison could not be made because the majority of the tests conducted 

| during this program were in an area of the aircraft's performance flight 
envelope that had not been fully defined by Air Force or 69078 tests. 


| 

| Static thrust runs were made to obtain engine thrust calibration data. 

| These data were compared with Air Force Category ТТ data to ensure that the 

| test aircraft's engine installation performance characteristics did not 
differ appreciably from those of F-102A aircraft previous ly tested, A fuel 
tank calibration was conducted to determine the test aircraft’ s basic 
operating weight and center of gravity, and center of gravity travel as a 
function of fuel useage. 


The tower fly-by method was used to obtain airspeed calibration data. 

These data were used to define the aircraft's test nose boom pitot-static 
system position error characteristics. Angle of attack sensor vane upwash 
calibration data were also obtained during these tests. In-ground effect i 
aírspeed calibration data were obtained during normal takeoffs. 


| 

| In-flight engine calibration data were obtained during level acceleration | 
i tests, The accelerations were flown at relatively low altitudes over an | | 
| airspeed and free stream total temperature range that was comparable with | 

takeoff and initial climb flight conditions. The resulting data were used | 

to establish engine pressure ratio bias curves for military thrust and 

reduced thrust power settings. These powerplant characteristics, and the | 
| engine thrust calibration data obtained during the static [thrust runs were | 
! used to determine thrust available levels at selected flight conditions and 


throttle settings. 


The purpose of making this comparison was to establish a power setting and 
airplane drag configuration that could be used during subsequent takeoff 
and initial climb tests to simulate typical supersonic transport designs 

in terms of climb speed sensitivity. The F-102's military power, gear-up 
excess thrust characteristics were not similar to those of the larger 
delta-wing designs. The F-102's climb capability was much поке | sensitive 
to airspeed variations. An F-102 excess thrust configuration that more 
closely approximated the climb speed sensitivity characteristics of the 
larger delta-wing designs could be obtained by leaving the landing gear 
extended and reducing engine power to approximately 7,600 pounds thrust. 
The power setting that corresponded to this thrust value was approximately 
2.1 EPR (engine pressure ratio). On a standard day at Edwards AFB, this 
power setting was 0.1 EPR less than the military power value. 

The increase in takeoff distance which accompanies a reduction in takeoff 
thrust was considered excessive. Since the purpose of these tests was to 
evaluate takeoff performance parameters from a point shortly before start 
of rotation through the initial climb, the thrust reduction could occur at 
a arbitrary simulated engine failure speed of 135 knots. The time required 
to accelerate from this speed to rotation speed was long enough!to allow the 
engine to stabilize at the reduced thrust setting. 


Throttle position for 7,600 pounds thrust (2.1 EPR) varied as a, function of 
ambient temperature. In order to obtain consistent takeoff thrust values 
at the 2.1 EPR power setting, an adjustable throttle detent was! installed 
in the test airplane. Before takeoff, an engine trim run was made to 
establish the 2.1 EPR throttle position. The detent was adjusted as 
required, and locked in place. During the takeoff roll, the pilot could 
retard the throttle to the detent. and establish takeoff thrust without 


having to rely on engine instruments to set power. | 


Тһе basic plan for takeoff and initial climb evaluations consisted of trial 
application of present Federal Aviation Regulations (Reference |10), U. S. 

and Anglo/French Tentative Airworthiness Standards for Supersonic Transports 
(References 11 and 12), NASA research recommendations, and application of 
information gained during the program. However, program funding limitations 
and time constraints prohibited this specific testing. The original plan was 
abandoned for an investigation of the test vehicle within practical limits, 
assuring complete coverage of the above standards by systematic mapping from 
normal operation through unsatisfactory performance levels. | 


Takeoff and initial climb performance data were obtained for two F-102 
aitplane/thrust configurations: (1) military thrust with landing gear 
extended during initial climb; and (2) reduced thrust with landing gear 
extended during initial climb, speed brake open during takeoff ground roll 
and closed after lift-off, to simulate a drag reduction due to landing gear 
rfretraction. The performance information obtained at the military thrust 
power setting represented the one-engine-inoperative climb performance 
characteristics of a supersonic transport design with relatively high climb 
speed sensitivity and negligible landing gear drag. The reduced thrust data 
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(using speed brakes to simulate landing gear retraction) гергезеп ей a more 
typical supersonic transport design in terms of climb speed sensitivity, 
yet exhibited a large drag reduction associated with landing gear retrac- 
tion. In retrospect, a more representative landing gear ldrag increment 
would have been obtained by either limiting the travel, or by reducing 

the area of the speed brakes. 


Following lift-off, continuous second segment climbs меге flown at selected 
initial ¢limb speeds. The climbs were continued to approximately 1,200 
feet above the takeoff surface. During some of these tests, the airplane's 
turning flight climb performance degradation was determined in constant 
rate turns. This information was used to verify predictéd performance 
levels at these flight conditions. 


Proposed techniques for determining the minimum flying speed of a delta-wing 
airplane were evaluated. One technique was based on the ability to main- 
tain a constant lg normal acceleration while decreasing airspeed. Тһе 

other was based on the ability to maintain a constant rate of climb while 
decreasing airspeed. 
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RESULTS AND DISCUSSION | 

- Г 
The flight test results obtained from this research program were not used 
exclusively to develop the proposed Federal Aviation Regulation revisions 
that are discussed in this report. Rather, the test results| from this 
program, those obtained from ground-based simulations being iconducted 
concurrently at the NASA Ames Research Center, and discussions between 
U. S. and Anglo/French airworthiness authorities and industries were used 
as the basis for these proposals. | 

| 

The basic objectives for airworthiness requirements specifying minimum 
performance levels, and minimum speeds at which these performance levels 
are to be measured, can be described briefly. The first purpose is to 
ensure, taking into account all sources of performance variability, that 
under certain emergency conditions the performance of the airplane is 
sufficient to avoid an accident such as striking obstacles (or the ground) 
during the takeoff climb. The second purpose is to ensure that the sensi- 
tivity of the airplane's performance to any one variable is not so great that 
the requirements resulting from the first consideration are jinvalidated. 
In the past, the second objective has been achieved for the takeoff phase 
of flight by ensuring that the takeoff speed exceeded minimum unstick 
speed (Vyy), stall speed (Vg), and minimum control speed (ус) by suitable 
margins. These criteria, when considered in conjunction with the aero- 
dynamic characteristics of relatively high aspect ratio transport aircraft 
designs, ensured that initial climb conditions were well removed from those 
conditions of speed and normal acceleration at which performance fell to 
very low levels. The introduction of transports having wings with very low 
aspect ratios showed clearly that existing criteria would not necessarily 
provide protection against large performance losses when subjected to speed 
errors and/or maneuvering. 


The low aspect ratio or delta-wing airplane is less well protected by 
existing airworthiness criteria for two reasons: (1) the delta wing does 
not exhibit a classic or well-defined stall; and (2) at the lift coefficients 
likely to be used for takeoff and initial climb, the contribution of induced 
drag to total drag is very high. Consequently, the requirement that the 
initial climb speed shouid exceed the stalling speed or some! minimum speed 
at which satisfactory handling qualities have been demonstrated does not 
ensure that the airplane's climb speed sensitivity is low; nor does it 
ensure the existence of any definite margin between initial iclimb speed and 
the speed at which climb and acceleration capability are likely to disappear. 
| 


Furthermore, оп low aspect ratio or delta-wing airplanes, the favorable 


ground effect on lift and drag is likely to be very large іп comparison 


with that found on conventional transport designs having higher aspect 
ratios. As a result of this characteristic, a demonstration] of a minimum 
unstick. speed capability does not necessarily ensure the availability of 

an adequate speed range over which positive performance is available in free 
air. In consideration of these facts, it was necessary to provide some 


independent guarantee of a positive performance capability at speeds below 
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initial climb speed. The zero rate of climb speed (Vzpq) is the criteria 
used to achieve this objective in the takeoff configuration resulting from 
a critical failure. Therefore, zero rate of climb speed has been sub- 
stituted as an additional performance reference speed for airplanes that 
do not exhibit a defined stall. 


Since it is conceivable that a manufacturer may wish to demonstrate a 
classic stall with certain supersonic transport designs; it is intended that 
this option be open to him, provided all minimum speeds required for all 


configurations be determined ín the same manner. 


The U.S. Tentative Airworthiness Standards for Supersonic Transports (TASST), 
revised as of 1 January 1971 (Reference 11), contains a proposed revision 

to the present FAR 25.103 stalling speed requirement. This revision intro- 
duces the concept of zero rate of climb speed to the Federal Aviation 
Regulations (FAR). 


FAR 25.103 Minimum Performance Reference Speeds for Performance Purposes 


(а) The provisions of this subparagraph apply to airplanes which, 
in all appropriate configurations, exhibit a defined stall as 
stated in 25.201(c) (2): 


(1) Same as present FAR 25.103(a), except delete the phrase, 
"or the minimum steady flight speed." 


(2) Same as present FAR 25.103(Ь). 


(b) For airplanes which do not exhibit a stall that is definable 
as stated in 25.201(c) (2) when tested using the procedures of 
25.201(c) (1), the applicant shall define, fór each appropriate 
configuration, a minimum demonstrated flight speed Умтц or a 
maximum demonstrated angle of attack. 


(1) The speed or angle of attack so defined shall comply with 
the provisions of 25.202, 204, 206, and 208 and shall be 
cleariy and unmistakably identified to the pilot. 


(2) VMIN must be established in steady rectilinear flight with 
symmetrical thrust, and may be made variable with weight 
and altitude. ae for a particular configuration must be 
the highest value obtained within the following range of 
engine thrust settings: | 


(i) Thrust levers at flight idle, and 


(ii) Thrust settings on all engines corresponding to 75% 
of the maximum thrust specified for the particular 
configuration. 


(c) The provisions of this subparagraph apply to all supersonic 
airplanes, and airplanes that do not comply with section (а) 
of this subparagraph. 


(1) The minimum steady flight speed at which the rate of 
climb is zero, Утвс, must be established by the applicant 
in terms of calibrated airspeed for each configuration 
for which У7вс is used in showing compliance with the 
applicable portions of the performance requirements. 

Vzgc must be established for the following conditions: 


(i) The selected take-off configurations. 


(ii) Most unfavorable combinations of weight ‘and center 
of gravity within the range of each that is es- 
tablished for the particular configuration. 


(iii) One engine inoperative, with the remaining engines 
operating at the thrust scheduled for use in the 
particular configuration and/or flight condition. 


(iv) The range of altitude and ambient temperatures as 
selected by the applicant. | 


(у) Тһе airplane airborne and out of ground ‘effect. 


In addition, the TASST takeoff speed requirement (FAR 25.107) lias been 
modified to provide a margin between initial climb speed (V2) апа zero rate 
of climb speed. This proposed requirement, 25.107(b)(3), states that: 
"Speed Vo ... may not be less than: 1.125 Vzgpc established іп accordance 
with FAR 25.103(с)." This new requirement provides for a speed range over 
which positive performance is available in free air, with one engine 
inoperative, and at the same time, it provides protection against large 
(positive to negative) performance losses when subjected to speed errors. 


INITIAL CLIMB 


Consideration of the different performance characteristics of the low aspect 
ratio delta-wing airplane also led to revised climb requirements. The 
present Federal Aviation Regulations (Reference 10) require a |climb gradient 
reduction from the actual to net flight path to compensate for! variations 

in flying technique, turbulence, deterioration in thrust of operating engines, 
etc. This increment does not consider the lift and drag characteristics 

of any particular aircraft configuration, and only varies in its relationship 
to the number of installed engines. A requirement that provides protection 
against performance losses when subjected to maneuvering was considered 
necessary. A bank angle (load factor) requirement, which was Ъазе оп 
present subsonic jet transport experience, has been ргоровей, | This proposed 
requirement does not increase the severity of the present requirement, 
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unless the higher induced drag of a low aspect ratio or | delta-wing design 
dictates that an increased actual gradient is required in order to assure 
the present net gradient requirement. | 

The TASST takeoff flight path requirement (FAR 25.115) has been modified 
to account for the change in climb gradient between that available in 
rectilinear flight and in turning flight at a bank angle of 18 degrees. 

As discussed previously, this bank angle requirement was based on present 
subsonic jet transport experience. The data used to establish the require- 
ment are shown in Figure 4. The purpose of this requirement is not to 
provide the same maneuvering capability as the current subsonic transport 
designs, but rather to ensure that, for a given maneuver ing capability 

(in terms of performance) the airplane's flight path does not fall below 
the net flight path. Figure 4 shows that for an 18-degree banked turn, 
the climb gradient decrements for current subsonic transport designs were 
approximately equal to the decrement currently provided! for between the 
actual and net flight paths, i.e., 0.8 percent for twin-engine transports, 
0.9 percent for three-engine and 1.0 percent for four-engine. In some 
cases, however, based upon the available data, the current subsonic 
designs do not meet this requirement. 


All proposed TASST climb requirements, (25.117, 25.119,.25.121, and 25.122-- 
new) have been revised to include a net climb gradient requirement in an 
18-degree banked turn. It is expected that the effects'of the 18- degree bank 
angle turn on climb performance would be determined by analytical methods. 
However, in-flight demonstrations would also be required to verify that the 
calculated performance is accurate and not limited by unusual flight 
characteristics or buffeting, which may not be predictable. 


Figure 5 summarizes the climb speed sensitivity clisracteeiBtic of the 
individual F-102 airplane/thrust configurations evaluated during this 
program. The majority of the takeoff tests were accomplished in con- 
figurations 2 and 4; initial climb tests in configurations 2 and 3. 

In configuration 3 (educed thrust-gear down), the F- 102's low speed climb 
performance characteristics were similar, in terms of climb speed sensitivity, 
to the one engine inoperative climb performance characteristics of larger 
typical delta-wing designs. This configuration will bel the subject of the 
following discussions. 

F-102 climb gradient variations due to thrust changes (at constant weight) 
and corresponding zero rate of climb speeds are shown in Figure 6. 
Information showing variations due to weight changes (alt constant thrust) 

are shown in Figure 7. Examination of these data shows! one important 

factor in regard to zero rate of climb speed. This speed cannot be expressed 
merely as a function of thrust to weight ratio (T/W). At a given T/W, zero 
rate of climb speed will increase as weight is increased, and at the same 
time it will decrease as thrust is increased. This is i ilustrated in 

Figure 8. A more convenient way to express zero rate of climb speed is as 

a function of a reference speed, angle of attack or lift coefficient, as 
shown in Figure 9. However, this type of presentation 15 only valid when 
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FIGURE 8. 

ZERO RATE OF CLIMB SPEED AS A 
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FIGURE 9. 
ZERO RATE OF CLIMB SPEED AS A FUNCTION lor | 
REFERENCE CONDITIONS /ALTITUDF - CONS TANT / | | 


thrust effects on lift and drag are negligible. If such/is not the case, 
the presentation of zero rate of climb speed will be somewhat complicated 
by these effects, unless the reference conditions are based on the same 
thrust levels as the corresponding zero rate of climb speeds. This form of 
presentation can also be useful to illustrate performance reference speed 
criteria. For example, Figure 10 shows a second segment | climb speed (V2) 
variation with T/W as determined first by zero rate of climb speed, then by 
a maximum permissible angle of attack limitation. 


Second segment climb speed requirements for the F-102 аге summarized in 
Figure 11. These data are applicable only for the constant weight shown. 

In selecting Уз the assumption was made that the only factors that had to be 
considered were zero rate of climb speed and the airplane ' s climb performance 
in a constant rate turn at 18 degrees bank angle. At standard day conditions, 
V9 was established as 1.125 Vygc (TASST 25.107(b) (3)). The climb gradient 

at this airspeed is 5.2 percent in straight flight and 319 percent in the 
turn. These gradients more than satisfy the minimum requirements specified 
in TASST 25.121(b) (2). As temperature increases (thrust decreases), zero 
rate of climb speed increases, which also causes Үз to іпсгеаве. However, 
the available climb gradient at Vy is decreasing as température increases. 

At thrust to weight ratios less than 0.222, the turning flight requirements 
of TASST 25.121(b)(1) and (2) become limiting and V9 must be increased in 
order to attain the net flight path climb gradient of 2 percent in the turn. 
At T/W20.2185 the airplane becomes weight limited. 


„ЕКО RATE OF CLIMB SPEED 
LIMITING 


ANGLE OF ATTACK ۰ 
LIMITING 


FIGURE 70. 

INITIAL CLIMB SPEED 
LIMITATIONS ' 
(ALTITUDE = CONSTANT] | 
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| 
i | The proposed U. S. Tentative Airworthiness Standards for, Supersonic Transports 
۷ (Reference 11) contain a revised FAR 25.107 takeoff speed requirement. 
М | These revised criteria differ from those used in the past primarily in that 
3 | minimum unstick speed (Ум) demonstrations are no longer! required. These 


| tests were eliminated in the belief that certain rotation speed abuse tests 
T | would assure the necessary levels of safety. For supersonic transports, the 
proposed FAR 25.107 takeoff speed criteria are as follows: 


MA : FAR 25,107 Takeoff Speeds 

The takeoff speeds prescribed in this section must correspond with the 
most unfavorable combination of weight and center- o£- gravity, within 

a the established limits of each, for the altitude being considered. 


(а) Speed V, must be selected by the applicant, іп Кегшз of calibrated 


| 


НЕ airspeed, ав a decision speed at which the takeoff can be either 
Е: | safely continued or safely discontinued. In determining Үү, the 


2 | following apply: 

ЕТ 

amal (1) Уі may not be less than the minimum speed lduring takeoff 
мы at which sudden failure of any engine is apparent to the 
|: | pilot, under reasonably unfavorable operating conditions, 
REI | when such failure occurs at or after reaching speed Умсс 


established in accordance with FAR 25.149(d). 
| 


(2) If V1 is made variable with weight, altitude, temperature, 
г thrust, wind, runway gradient, or runway dur face condition, 

| information for.takeoff and accelerate-stop distances 
ЕН | corresponding with the selected conditions| and associated 
МН | У1 speeds must be provided in the Airplane Flight Manual. 
ПОО, | 
[т aM (b) Speed У2 must be selected by the applicant, in (terms of calibrated 
Au 4 airspeed, to provide а climb gradient not less Евап that required 
ІШ by FAR 25.121(b), but may not be less than: 


EIS i 


M | (1) 1.15 Уутц established in accordance with FAR 25.103(b), 
m or 1.2 Ус, as applicable, 
8 | (2) 1.10 Умс established in accordance with FAR 25.149, 


" 


(3) 1.125 Уурс established in accordance with FAR 25.103(c), 


IE (4) Speed Vg, established in accordance with Paragraph (c) 
1 Ін? | of this section, plus the speed increment attained at a 
al 

1 


height of 35 feet above the takeoff surface determined in 
accordance with 25.111(с) (2), 


(с) 
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(5) Speed Утор established in accordance with paragraph (d) of 
this section, and 


(6) A speed at which compliance is shown with the requirement of 
FAR 25.104. і 


Speed Үр must be selected by the applicant, in terms of calibrated 
airspeed, as the speed at which the airplane may be safely rotated 
for takeoff in accordance with the provisions of this paragraph, 


but may not be less than-- i 


(1) Speed ут 


(2) 1.05 Умс or 1.05 V ‚ whichever is greater. 
MC MCG 


(3) A speed at which compliance may be shown with (i) through (vi) 
and must not result in unsafe flight characteristics or in 


undesirable buffeting. The resulting climb must not fall below 
the net flight path of FAR 25.115. | 


(i) With rotation initiated at the selected speéd and іп 
the manner established by the applicant for operation 
in service with one engine inoperative, must result in 
attaining the scheduled V5 at or prior to reaching a 
height of 35 feet above the takeoff surface; 


(ii) With rotation initiated at a speed equal to 0.95 percent 
of the selected speed, with one engine inoperative, must 
not result in a takeoff distance to 35 feet; that is 
greater than the one-engine-inoperative takeoff distance. 
Up to the point where the airplane has become airborne, 
the rotation technique shall be the same, in terms of 
control input, as that used in establishing! the one-engine- 
inoperative takeoff distance required by 23, 113(а) (1). 


(iii) A speed at which the airplane, with all engines operating 
and rotating the airplane three seconds prior to reaching 
Ув, using the same technique as that used im determining 
the all engines operating takeoff distance [required by 
25.113(а) (2), will achieve a minimum of two degrees beyond 
the normal body attitude in the airborne segment between 
liftoff and 35-foot height, without exceeding the 
scheduled takeoff distance or resulting in| unsafe flight 


characteristics. | 


(iv) Rotation with one engine inoperative at the selected 
speed and using the rotation technique and pitch attitude 
employed in establishing the all-engines-operat ing takeoff 
| 
| 


distance established in accordance with FAR 25.113(a) (2) 
must not result in a takeoff distance|to 35 feet that 

is greater than the one -епріпе-іпоре гасіуе takeoff 
distance established in accordance with 25.113(а) (1). 


8 ENS 
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(v) Rotation initiated three seconds after attaining the 
selected speed, with all engines operating, must not 
result in a takeoff distance to 35 feet that is greater 
than the scheduled takeoff distance. Up to the point 
where the airplane has become airborne, the rotation | 
technique shall be the same, in terms] of control input, | 

| ав that used іп establishing the all-éngine-operating 
x takeoff distance required by 25.113(а) (2). 


(vi) Except for airplanes whose ability to lift-off at Vp 
| is limited Бу longitudinal control power or geometry, 
the speed at which it is possible to lift- off with 

| all-engines-operating and maintain a positive climb, 

out of ground effect with the landing! gear extended. 

| In demonstrating the climb capability! the speed may not 
| 


> 


| 

| 

exceed the selected Vp speed plus 5 knots. | 
| 

| 


] | (4) For апу set of takeoff conditions (such as weight, +000 
| | temperature, configuration, center of gravity, etc.), 

| single value of Ур obtained in accordance with this 

| must be used to show compliance with both the one-engine- 

| | inoperative and the all-engines-operating takeoff provisions. 


\ 
| 
| 7 (А), Speed Vi ор is the calibrated airspeed at which the airplane first | 
| | becomes airborne, and remains airborne. М | 
| | | 


" 


| 
ACCEPTABLE MEANS OF COMPLIANCE 


| 

| In reference to 25.107(a) and at the option of the applicant, controllability 
| on wet runway surfaces may be simulated on a dry runway by removing the 

| 

| effect of auxiliary steering devices (use of aerodynamic Controls alone). 

1 Controllability on ice or snow or other slippery conditions шау be demon- 

| strated by this method provided a suitable analysis is presented which will 

| 

| 


account for effects such аз main landing gear directional |reaction, 


runway 
crowning and crosswind. 


l 
| 


Full consideration should be given for suitably reliable dakeo£f performance 

and flight director systems providing precise takeoff path control and 

other related systems and warnings. If such systems are not provided, varia- 
tions such as under- and over-rotation of the airplane, late rotation of the 


airplane and out-of-trim conditions which may be reasonably expected in 


service should be investigated. ; 
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Е-102 takeoff speed and distance relationships are shown in Figures 12 and 
13. Flight test takeoff data were used for the one engine inoperative case. 
These data were then extrapolated to all engines operating conditions 

using methods outlined in the data analysis section of this report. 


Figures 14 and 15 summarize the effects of the proposed FAR 25.107 takeoff 
and abuse tests on the F-102's field length requirements. For the military 
power case, one engine inoperative takeoff distance is the limiting factor 
that would be used to determine takeoff field length. In this configuration 
the airplane satisfies the climb gradient requirements of TASST 25.121(a) (3). 
One engine inoperative climb gradient at lift-off speed with the landing gear 
extended (simulated) is 2 percent as compared to the 0.5 percent requirement. 
The methods used to construct the takeoff distance data of Figurés 14 and 15 
are discussed in Appendix I. 


The F-102's ability to lift off at rotation speed was not limited by 
longitudinal control power or geometry. Successful takeoffs were made at 
lift-off speeds as low as 145 knots. However, at these low speeds the 
airplane had to be accelerated in ground effect to an airspeed where it had 
a positive climb capability out of ground effect. Consequently, a demon- 
stration of the F-102's minimum unstick speed capability did not, ensure the 
availability of a positive performance capability out of ground leffect. 

For this type of airplane, the demonstration did little more than prove the 
existence of the large favorable ground effect on lift. Flight tests were 
not actually conducted at all engines operating thrust levels. However, 
there is no doubt that the airplane would have been capable of maintaining 
a positive climb capability out of ground effect at the normal rotation speeds. 


As discussed previously, the speed brakes were used to simulate' landing gear 
drag during the reduced power takeoff tests. However, the amount of drag 
generated by the brakes (as compared to the airplane's total drag) was much 
higher than would normally be expected of a landing gear. Ав ajresult, the 
takeoff distances, in particular the air phase between lift- off! and the 
35-foot height, were not considered representative of any proposed super- 
sonic transport designs. In this configuration the airplane was first 
segment limited; that is, it could not meet the climb gradient requirement 
of TASST 25. 121(a) (3) at the normal lift-off speed with the landing gear 
extended (speed brakes open). For this situation, rotation speed would 
have to be increased until the airplane had a positive climb capability at 
lift-off speed with an attendant increase in takeoff distance. | 


For both airplane/thrust configurations tested, the distances between 
lift-off and the 35-foot height were considered to be longer than those 

of typical supérsonic transport designs. Average airspeed increments between 
these two points were also large. These differences resulted primarily from 
the fact that the airplane was not equipped with any type of takeoff director 
system, and that pilot visibility during takeoff was extreme ly limited, 
especially over the nose. Consequently, the pilots were reluctant to rotate 
the airplane to the higher attitudes that would have been required to shorten 
the takeoff distance air phase. 
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F-102A 0 
MILITARY THRUST 
2,300 FT. STANDARD DAY CONDITIONS 


FAR (TASST, JAN 71) 


VR ۴ص‎ {35 | 
; ñB R = = Jn 4-ENG, NORMAL 
148.9 1634 186.4 
25107 ВАА 02 975 +- NORMAL 
(ENSIN) ЕЛ 0 LE 7 1104 ' 
25.107 EF YR 
1 7150 3-ENG, 08: 
(ЗИ m ДУ 197 164.7 
и Lo 5150 4-ENG, VR 2: SEC 
000 135.5 LI 7 EARLY 
| 25.107 R ШЕ ¥35 
| £250 4-ENG, VR 3 SEC 
| (СЫ 1622 1761 181] LATE 
| 


TAKEOFF DISTANCE (1000 FT.) 
NOTE: SPEEDS ARE КСАЅ 


FIGURE 14. 


MILITARY THRUST TAKEOFF 
PERFORMANCE SUMMARY 


F-102A N300 
REDUCED THRUST, SPEED BRAKES OPEN 


2,300 FT. STANDARD DAY CONDITIONS 
FAR (TASST, JAN 71] 


YR VOF #35 А 
m мчс 4-ENG, NORMAL 
1581 1704 186.5 13340 
75107 ТЕР VR VLOF | | 
ETE ا‎ 
135 149.5 та 7 1684 
25.107 | 
да Lo ие س‎ 8350 4-ENG, Үн 3 SEC 
ЕШ ШІ BIA Ті 7 EARLY 
25.107 ; 
س سہے۔۔۔‎ Á— А ЧУ ОЬ ЧЫ W. WW أ‎ 4-ENG, Үр 1 SEC 
OB 1091 187 سا‎ Ul 
2 4 8 10 12 


TAKEOFF DISTANCE (1000 FT.) 
NOTE: SPEEDS ARE KCAS 


FIGURE 15. 
REDUCED THRUST TAKEOFF 
PERFORMANCE SUMMARY 
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The influence of ground effect also contributed to the seemingly long air 
phase distances. The favorable ground effect on lift and drag is pro- 
portional to wing span. A small airplane, such as the F-102 (wing span--38 
feet), is less influenced by ground effect during the flare-up со! 35 feet 
than is a large transport aircraft. This means that in order to attain air 
phase distances comparable to those of a large transport, the small airplane 
is required to possess a proportionally higher level of positive performance 
during the flare-up. Therefore, because the large airplane is influenced 
to a greater degree by ground effect during the flare-up to 35 feet, the 

one engine inoperative continuous takeoff demonstration is not ап! impartial 


requirement. 


MINIMUM SPEED DETERMINATION 


The current Federal Aviation Regulations stall speed demonstration for 
turbine powered transport aircraft consists of a series of maneuvers which 
establish the stall speed corresponding to a deceleration of less than 1 knot 
per second. The maneuvers are performed by decelerating at a constant rate 
down to the stall in a specified configuration and power setting. Without 
a well-defined stall, a weli-known characteristic of the delta-wing design, 
this demonstration in itself would be meaningless and inherently dangerous. 
The airspeed at stall would occur at angle of attacks significantly greater 
than those at maximum lift coefficient. It is doubtful that these angles 
of attack could normally be attained in flight before a multitude of other 
dangerous flight characteristics were experienced. 


Two proposed techniques for determining the minimum flying speed of а 
delta-wing aircraft were evaluated. One of these was based on the ability 
to maintain a constant 1g normal acceleration while decreasing airspeed. 
The other was based on the ability to maintain а constant rate of clímb 
while decreasing airspeed. The flight research testing used to develop 
and substantiate these techniques was reported in References 13 and 14. 


The lg minimum speed is defined as the lowest speed an aircraft can attain 
while maintaining lg flight. The maneuver used to demonstrate this speed is 
similar to the stall approach maneuver, except that the pilot uses a cockpit 
accelerometer to maintain the desired flight conditions. The test procedure 
was first to trim at an airspeed of approximately 200 knots and ithen to 
reduce power to approximately 85 percent rpm. As the aircraft decelerated, 
the pilot maintained lg flight by referring to the cockpit accelerometer. 
Time histories of these maneuvers are shown in Figures 17 through 23, 


Appendix I. 


Тһе F-102 Flight Manual (Reference 1) specifies а maximum in-flight angle 
of attack limitation of 20 degrees. Similar limitations, probably based оп 
handling qualities considerations, would be imposed on most delta-wing 
airplanes. During the lg minimum speed tests conducted with the F-102, 
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the "р break" (with the exception of pilot recovery) — Wok encountered as 
angle of attack increased to approximately 20 degrees during the deceleration. 
However, as angle of attack increased to this value, a significant reduction 
in lateral stability was observed. It was concluded, therefore, that the 
20-degree angle of attack limitation was well justified iin regard to the 
airplane's handling qualities at these conditions. Because of this problem, 
if the airplane had not been angle of attack limited, thé pilots would not 
have flown much beyond 20 degrees. Qualitative comments |меге that at 
20-degrees angle of attack, the airplane was quite "loose" in the 
lateral- directional axis. At these angles of attack, longitudinal control 
was not a problem. During the maneuvers, light buffet was encountered at 
approximately 170 KIAS, moderate buffet at 155 KIAS and Heavy buffet at 
135 KIAS, 

! 
It was concluded that the 1р minimum speed technique was [ап acceptable method 
for determining a minimum speed or angle of attack for handling qualities 
considerations. For initial tests, the deceleration rate should be kept as 
low as possible (by using thrust--not a high sink rate) to allow the pilot 
to fully evaluate the airplane's handling qualities as angle of attack 
increases. | 

| 
The constant rate of climb minimum speed is defined as the lowest airspeed 
an aircraft can attain while maintaining a specified rate of climb. The 
demonstration of this speed consists of a deceleration te the minimum speed 
while the pilot maintains the aircraft at a constant rate of climb by 
referring to the cockpit vertical velocity indicator. Time histories of 
these maneuvers are shown in Figures 24 through 27, ewe L. 

| 
During all the constant rate of climb maneuvers, the pilot was able to main- 
tain a constant rate of climb up to the 20-degree angle of attack limitation. 
However, toward the end of the maneuver, the rate of airspeed bleed-off and 
increase in pitch attitude were very high. Angle of attack overshoots ranging 
from 5 to 10 degrees were encountered during the recovery. If handling 
qualities problems were unexpectedly encountered during one of these maneuvers 
the over-shoot would delay recovery, thus placing the aincraft in a poten- 
tially dangerous situation. It was concluded that this type of maneuver 
should be performed only when the airplane's high angle Gf attack handling 
qualities have been well defined and determined to be satisfactory by 
previous testing. Pilots stated that they would definitely not use this 
type of maneuver to define a minimum flying speed for an jaircraft whose 
handling qualities they were not well acquainted with. 


During the constant rate of climb maneuvers that were conducted with the 


F-102, the only limit to the minimum speed and maximum angle of attack 
attained was the pilot's.concern for pitching rate and deterioration in 
handling qualities, since elevator power was not limiting. One interesting 
phenomena observed during these maneuvers was that the buffet almost 
disappeared just before recovery was initiated. Angle of attack was usually 


above 25 degrees when this occurred. 


CONCLUDING REMARKS 
AND RECOMMENDATIONS 


In many areas, present transport certification criteria are not! applicable 

to the delta wing or low aspect ratio supersonic transport design because 

they do not provide a means to ensure adequate safety margins. | This FAA 
research program has provided much of the information and background necessary 
to revise the existing rules. | 

‘The one-engine-inoperative climb performance characteristics of the delta-wing 
design are such that present takeoff safety speed requirements do not provide 
adequate protection for the effects of takeoff speed abuses and maneuvering. 
"Proposed changes to applicable airworthiness standards use zero rate of climb 
speed (in lieu of stall speed) as the baseline upon which factored per- 
formance levels can be established. Тһе effects of induced drag on climb 
performance are also considered in these proposed changes. The present 
Federal Aviation Regulations (Part 25--Airworthiness Standards: Transport 
Category Airplanes) should be revised to include the TASST supersonic 
transport takeoff and climb performance requirements. I 


ао = E „=“ 


Under rotations and late rotations during takeoff 020 obvious increases 
in takeoff field length, but the resulting high lift-off |speeds markedly 
increased initial climb capability. Performance losses during turning 
flight with the low aspect ratio airplane were much greater than those of 
well known swept wing subsonic transports. | 


| 

Day-to-day operation at all engines operating thrust performance levels may 
mask the criticality of emergency operation with one engine inoperative. 
Iraining and simulated exposure to the problems of engine-out operation аге 


required on a continuing basis. 


Adequate ‘cockpit visibility becomes a paramount pilot need for safety during 
flight operations at high pitch attitudes. The test aircraft was found 
deficient in this respect. Supersonic transport cockpit and windshield 
designs should ensure adequate visibility during operation at high pitch 
attitudes, 


Operation "on the back side" of the thrust-required curve did not require 
the pilot workload that was originally anticipated. Qualitative opinion of 
the pilots was that instantaneous flight path information would be desirable, 
but that adequate speed control was well within the pilots! capability when 
excess thrust was available and engine thrust response high. The pílots had 
little difficulty in establishing stable flight at and near zero rate of 
climb conditions. However, it is recognized that aircraft with poor dynamic 
stability, low damping or significant aerodynamic buffet may be more difficult 
to test im these areas of flight. At light weights and lov airspeeds (low 
dynamic pressures), control effectiveness may present problems. Aircraft 
with these problems, however, would require larger safety, margins and the 
data resulting from the tests could be justifiably handled in a conservative 
manner, 


The F-102's ability to lift off at rotation speed was not: limited by 
longitudinal control power or geometry. Successful takeoffs were made at 
lift-off speeds as low as 145 knots. However, at these low speeds the 
airplane had to be accelerated in ground effect to an airspeed at which it 
had a positive climb capability out of ground effect. Consequently, a 
demonstration of the F-102's minimum unstick speed capability did not ensure 
the availability of a positive performance capability out of ground effect. 
For this type of airplane, the demonstration did little more than prove the 
existence of the large favorable ground effect on lift. 


Тһе F-102's air phase distance and corresponding airspeed increase between 
lift off and the 35-foot height were considered to be greater than those of 
typícal supersonic transport designs. These differences were due primarily 
to the fact that the airplane was not equipped with any type of takeoff 
director system and that pilot visibility during takeoff [мав extreme ly 
limited, especially over the nose. Consequently, the pilots were reluctant 
to rotate the airplane to the higher pitch attitudes which would have been 
required to shorten the takeoff distance air phase. Consideration should 


| Бе given to equipping supersonic transports with takeoff flight director 
| systems that can provide pilots with the type of guidance information 
| 


| required to fly precise takeoff flight paths. | 


——— — 


phase distances. The favorable ground effect on lift and drag is 
proportional to wing span. А small airplane, such as the F- 102 

(wing span--38 feet), is less influenced by ground effect during the 
flare-up to 35 feet than is a large transport aircraft.  This|means that 


The influence of ground effect also contributed to the seemingly long air 


in order to attain air phase distances that are comparable tola large | 
transport, the small airplane is required to possess a proportionally | 
higher level of positive performance during the flare-up. Thérefore, because 

the large airplane is influenced to a greater degree by ground effect during 

the flare-up to 35 feet, the one-engine-inoperative continuous takeoff ) 
‘demonstration is not ап impartial requirement. | 


| 

| 
| The 15 minimum speed demonstration technique was considered aéceptable | 
| for determining a minimum speed or maximum angle of attack for handling | 
qualities considerations. For initial tests, the deceleration rate should | 
| "Бе kept as low as possible to allow the pilot to evaluate fully the airplane's | 
handling qualities as angle of attack increases. On the other hand, the 
| constant rate of climb technique was not considered to be ап Acceptable 
| method for determining a minimum flying speed. The dynamics Of the maneuver | 
resulted in large angle of attack overshoots during recovery. | If handling | 
qualities problems were unexpectedly encountered during one of these | 
maneuvers the overshoot would delay recovery, thus placing thé aircraft in 
a potentially dangerous situation. This type of maneuver should be performed | 
only when the, airplane's high angle of attack handling qualities have been 
well defined by previous testing. Pilots stated that they would not 
recommend this type of maneuver to define a minimum flying speed if they Г 
чеге not well acquainted with the airplane's handling qualitiés. 


New flight test techniques are required for delta-wing aircraft. These 

include: (1) the determination of zero rate of climb speed and the effects 

of turning flight on climb performance; and (2) the determination of minimum 

operating airspeeds, or maximum permissible angle of attack. |New methods 

of data analysis are also required. These include corrections for the 

vertical component of thrust, as it affects total lift and drag at high 
angles of attack, and thrust corrections for variations in engine inlet 
operating environment. 


| 


Research programs of this type are valuable for establishing reasonable 

safety standards for new or novel civil aircraft designs. Théy not only 

provide firsthand knowledge as to the feasibility of setting and achieving 

practical margins in operation, but they also provide an economical means 

to develop practical testing methods. "In house" flight research programs 

should be considered in the future when information and background are 

required to establish appropriate airworthiness requirements. This is } 
especially true when specific or unique problems which require an intimate 


knowledge of the background and requirement for the research, present 
themselves. 
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APPENDIX I 


DATA ANALYSIS METHODS AND TEST DATA 


Figure No. 


1-2 
3-4 


Military Power Takeoff Performance | 
Reduced Power Takeoff Performance 

Acceleration During Groundroll | 
Incremental Speed Change During Rotation 

Drag Polar | 
Ground Effect on Drag | 
Low-Speed Lift Curve 

Ground Effect on Lift Coefficient 

Military Power Climb Potential 

Reduced Power Climb Potential I 
F-102 Climb Gradient Decrement Due to Bank Angle 
lg Minimum Speed Determination Time History | 
Constant Rate of Climb Minimum Speed Determination 
Time History : 
Engine Pressure Ratio Bias Curve 

Corrected rpm Versus Engine Pressure Ratio | 
High Pressure Versus Low Pressure Corrected rpm 
Inlet Total Pressure Recovery and Corrected Airflow 
Static Thrust Calibration | 

Jet Nozzle Gross Thrust Coefficient | 
Engine Pressure Ratio Trim Curve 

Net Thrust Available 

Airspeed Calibration 

Airspeed Calibration in Ground Effect 


TAKEOFFS 


Wind corrections to ground and air distances were made using equations 
6.301 and 6.311 of Reference 16. Corrections to standard conditions of 
weight, altitude, temperature and thrust were made to thè wind corrected 
ground and air distances by using equations 4-1 and 4-4 of Reference 17. 
Test day takeoff thrust values were calculated using appropriate engine 
parameters. Standard day takeoff thrust values were obtàined from Figure 36. 
The curves of Figures 1 and 3 were obtained by cross plotting from Figures 2 
and 4 to ensure the proper variation of distances with speed. 


The all engines takeoff distances discussed on page 22 were obtained by 
extrapolating the standard day F-102 takeoff distance data (which was 
assumed to be one engine inoperative) of Figures 1 and 3 to all engines 
operating thrust levels by increasing standard day thrust available 25 
percent. Equation 4-1 of Reference 17 was used to extrapolate the ground 
roll distances. Equation 4-5a of Reference 17 (the exponential form of the 
air phase standardization equation) was used to extrapolate the air phase 
distances to all engines operating conditions. 


The acceleration data shown in Figure 5 were obtained from test day takeoffs 
conducted at near standard day conditions. All engines operating accelera- 
tion data were obtained (1) by calculating excess thrust, (2) by adding an 
increment of excess thrust equal to 25 percent of thrust} available, and 

(3) by recomputing acceleration. The all engines data shown in Figures 6 
and 7 were obtained in a similar manner. 
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The lift and drag data shown in Figure 2 were obtained during level flight 
speed power and sawtooth climb tests. Excess thrust corrections were not 
applied to the speed power data, The sawtooth climb data points were 
obtained from tests flown at or near zero rate of climb |conditions, 
thereby avoiding large excess thrust corrections. 


The in ground effect drag data shown in Figures 9 through 11 were obtained 
during normal takeoffs. Excess thrust corrections were [based on accelera- 
tion and rate of climb information obtained from the phótotheodolite 
takeoff data. 
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| The climb potential data shown in Figures 14 апа 15 were obtained from 
| sawtooth climb tests and during the initial climbs following takeoff 
tests. Sawtooth climbs were flown on reciprocal headings |со compensate i 
for wind shears. 
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Hinimum Speed Determination 
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The engine calibration data shown in Figures 28 and 29 were obtained 


during level acceleration tests. The accelerations were flown at military 
and reduced thrust settings. The data obtained from these tests show that 
at the atmospheric conditions considered, the епр те pressure ratio bias 
curve at the reduced thrust settings were parallel to the|military thrust 
curve. This characteristic simplified the calculation of predicted thrust 


values for the various throttle settings analyzed. 
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Test data obtained during static thrust calibrations are] shown in 
Figures 32 through 34. These data agreed very well with! calibration data 
obtained during Air Force Category II F-102 test programs. 


The information presented in Figure 34 was used to calculate gross thrust 
(Fg). Ram drag was then calculated by: | 


1. Ре / Peg < - f(T”) : Figure 28 
2. N/V, = £(Pe7/Pr,) Figure 29 
3; мм, = £ (N/V) Figure 30 
4. САД = Е(н1//6-;) ш 31 
| 5. Pe /Pto = £( rie.) Figure 31 
| 
| 6. “ыо, = (Pe) / Peg) сов(а - 5) سی عو‎ 18 
7. 66, = (Pto/Ptg), Ptol P4) Ga) 
8. м, = AY t 2 (бе NOt) | 
| 9. F. = .0525(W,)(V,) Reference 16 


| Net thrust was calculated by: 


Fn = P, = Е. 
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APPENDIX П 


GENERAL AIRCRAFT INFORMATION 


ATRCRAFT DIMENSIONS 


Wing: 


Area 

Span 

MAG 

Aspect ratio 

Incidence 

Dihedral 

Leading edge sweepback 


Trailing edge sweephesk fed 


Camber 
Elevons: 


Area 

Span 

Deflection 
symmetrical 
asymmetrical 


Vertical Tail: 


Area 

Length 

Height 

MAC 

Aspect ratio 

Airfoil 

Leading edge sweepback 
Trailing edge sweepback 


Rudder: 


Area 
Deflection 


Fuselage: 


Leng th 


2 It 
695.05 ft ` 
38 ft 1.6 in. 
23 £t 9.1 in. 
2.189 
0 deg 
0 deg 
60 deg 
5 deg 


15% local semispan 


70.06 £t? 


14 ft 


+25 deg, -8 deg 
+7 deg ) 


95.14 ft^ 


15 £t 9.2 in. 

8 ft 5 in. 

126.49 in. 

1.38 

МАСА 0004-65 (modified) 
60 deg I 
0 deg 


2 
9.70 ft 
+25 deg 


68 ft 3.3 in. 


| 
| 


| FLIGHT LIMITATIONS | 


Airspeed Limitations: 1.5 Mach number or 655 knots IAS (no external tanks) 
„95 Mach number or 435 knots IAS (with external tanks) 


Angle of Attack: 20 deg maximum in-flight i 


Roll Maneuvers: | 


| Altitude (ft) Airspeed (KCAS) Aileron Deflection 
Above 20,000 О to maximum No restriction 


_ ---=- > 


Sea level to 
| 20,000 0 со 450 Мо restriction 


| 
| ' 
x Sea level to | 
| 20,000 Above 450 One-half throw | 
| i 


Acceleration Limitations: 


+5.62 to -1.4р above 480 knots IAS | 
below 12,000 feet 


| 
Symmetrical +5.6g to -2.4g | 
Asymmetrical 4.0g to Og 


E Lateral 144 pounds rapidly applied pedal force | 


Landing Gear Extension Speed: Maximum allowable speed with landing 
| gear extended is 240 knots IAS 


Tire Limit Speed: 217 knots maximum ground speed 


Drag Chute Deployment Speed: 160 ‘knots IAS | і 


Ram Air Turbine Limit Speed: Т | 
345 knots TAS maximum 


125 knots IAS minimum (to maintain adequate emergency hydraulic ! 
x pressure) 


Engine Operation Limits: 


| ЕСТ (дер С) Time Limit (min) 
Sea Level | 
| го 35,000 Above Ground Flight 
Feet 35,000 Feet Operation Operation 
| Maximum 640 670 1 15 


| Military 630 660 5 30 


Figure 1. Е-102А N300, Front 
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Figure 2. Е-102А N300, Left Side i 


F-102A N300, 3/4 Left Rear 


Figure 3. 
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F-102A N300, Rear 


Figure 4. 
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SPECIAL MODIFICATIONS x 


| 
À test nose boom assembly was installed on the airplane [with a special 
pitot-static probe and with vanes for measuring angle of attack and angle 
of sideslip (Figure 5). 


Other modifications consisted of installation of a wooden tail skid 
(Figures 3 and 6) and nose-mounted radar altimeter system (Figure 5). 

The tail skid was installed for the purpose of geometry limiting the 
aircraft; however, it was never used for this purpose during the test 
program, Ground proximity switches (Figure 6) were installed on the skid 
to provide cockpit light indications when the clearance |between the skid 
and runway surface was 4 and 0.5 inches. 


The nose-mounted radar altimeter system was installed primarily for use as 
a pilot aid during takeoff and climb tests. During initial test flights 
the system proved to be unreliable and was not used for |the remainder of 
the program. 


Figure 5. Test Noseboom and Radar Altimeter Installation 
| 


|. 

| | 

| | 

| | 

| | 

| | 

| 1 

| 

| | 

| 

Figure 6. Tail Skid Ground Proximity Switches | 

Í 
|! 


Figure 7. Pilot's Main Instrument Panel 
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INSTRUMENTATION SYSTEM 


| 
A 100-сһаппе1 pulse code modulation (PCM) tape recording system was used 
to record flight data. This system converted the sensor's analog output 
signals to a digital format, and recorded the digitized!data on tape. 
The tape transport, patch panels and related signal conditioning equipment 
were housed in the aircraft's left missile bay. The parameters 
that were recorded by the system, and used during this program, are listed 
in Table I. | 


Input signals from the various data sources, such as pressure transducers 
and thermocouples, were connected by a patch board to al high-speed, 
100-channel multiplexer, The multiplexer signals were transferred to an 
analog-to-digital converter which produced binary coded signals with a 
resolution of +10 binary bits at rates of up to 10,000 samples per second 
(100 samples per second for 100 channels). These coded; signals were merged 
with other digital inputs and recorded in parallel on tape. 

| 


All data sources, transducer power sources, and data recording inputs were 
connected to patch panels with removable patch boards. | The patch boards 
connected any desired input to the desired recorder channel. By the use 
of pre-programmed boards, the input configuration could} be readily changed. 


A signal conditioning network was included for each input channel to provide 
attenuation and RC filtering. The circuit also included a relay which could 
be closed to provide a zero input signal to each channel of the system 
during pre- and post-flight checkout. The zero reference signals showed 
zero offsets being generated in the data system. Normally these offsets 
were negligible. Large deviations indicated a need to repair the system. 

I 
Ten of the 100 channels were reserved for digital inputs. Several of 
these were required for system synchronization and сіше| recording; others 
could be used to record digital inputs from external sources, such as fuel 
totalizers, or to record special unique words for marking events or 
"on-off" functions. i 
The magnetic tape recorder was an Ampex 200 transport with 28-channel 
recording heads. Tape speed was 15 inches per second, which provided 
48 minutes of recording time. 


УД шшш ———— EET A 
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TABLE I 


INSTRUMENTATION PARAMETERS 


PCM ТАРЕ SYSTEM 


Airspeed 

Altitude 

Free stream total temperature 
Rotor speed (Ко) 

Exhaust gas temperature 
Engine pressure ratio 

Main burner fuel flow 

Main burner fuel used 

Main burner fuel temperature 
Afterburner fuel flow 
Afterburner fuel used 
Afterburner fuel temperature 
Angle of attack | 
Angle of sideslip | 
Pitch angie | 
Roll angle 

Pitch rate 

Roll rate 

Yaw rate 

Longitudinal stick position ۱ 
Left hand elevon position | 
Right hand elevon position | 
Rudder position | 
Vertical acceleration | 
Longitudinal acceleration 

Radar altitude | 
Nose gear retracted signal | 
Mäin gear retracted signal | 
Speed brake actuation signal | 
Tail skid proximity switch (4.5 inches clearance) 
Tail skid proximity switch (0.5 inch :clearance) 
Event marker 

Tone marker 


PILOT'S PANEL | 


Airspeed 

Pitch rate | 
Angle of attack " 
Radar altitude | 


Time correlation | 
Tail skid proximity switch (4.5 inches clearance)! 


Tail skid proximity switch (0.5 inch clearance) 


اود سے 


DATA PROCESSING SYSTEM | 
| 


The General Electric flight test facility's electronic data processing 
system was utilized during the program to play back flight data, to plot 
time histories, and for preliminary flight test data reduction, The system 
had a versatile capability for handling digital data from the airborne 
recording system, 

| 
The first step in the processing of digital flight data was usually 
the production of a quick-look record. This quick-look record consisted of 
an engineering unit tabulation of all recorded parameters at l-per-second 
intervals for the complete flight. The quick-look records served several 
purposes, the most important of which included qualitative analysis of the 
test results, preliminary checks of data quality and indications of equipment 
malfunctions. The records were also used to select those portions of the 
test flight that would be used for further processing. | 


Time history plots were normally processed before running data through the 
data reduction program. After a determination was made from the quíck-look 
records as to the time intervals and parameters to be plotted, the start 

and stop times of the selected time intervals were switched into a search 
and control unit, and the automatic search function was initiated. The 
flight tape was run until it reached the first start time. The desired 

data was transferred by means of the computer to a secondary tape in com- 
puter format. At the end of the selected interval, the system automatically 
stopped. "The next start and stop times were selected, and the process was 
repeated until all the desired data from the flight tape} had been transferred 
to the computer tape. Time history plots were made by means of a Cal-Comp 
incremental plotter, operated by the computer. Typical time history plots 
are shown in Figures 8 and 9. Figures 17 through 27, Appendix I were also 
plotted by the Cal-Comp plotting machine. 


The F-102 data reduction program outlined in Appendix I was programmed by 
GE personnel. Data points to be run through this program were selected 
after examination of the quick-look records and time history plots. А pro- 
cess similar to that described above was used to transfer the test data 
points to a computer tape. This tape could be used for [input into the 
performance program. 
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A Division of General Dynamics poration 
(San Diego) 


2l November 1958 


MINUPES ОР SIXTH MEEVING GF INSTRUMENRATION ENGINEERS SUB-COUNCIL 
GF CONVAXR FLIGH! TEST COUNCIÉ е 12, 12, AND 13 NOVEMBER 1958 


The sixth meeting of the inetruxcatation SubcCouncil was hela at Рогова | 
Division. Arrangesents for the meeting vere made by Mr. George کت‎ Hre 


Bob Ackley served ag Chairman- 


e Cy Sylvester, Assistant Chief Engineer, veleamed the group to the Ролора 
Division. He expkasized ihe fact that the everall Convair Division bos à 
wealth of technical end operatienal experience within ite various divisions. 

А Convair problem 45 te apply thie experience to each of the individual 
@rerations, Te be sueceseful Conveir must beesme a lov cast operator. We must 
uutuslly reduce duplication and lover the "HXH feeter" (Hot Invested Here). 
Properly conducted meetings such as the Flight Test Council should contribute to 
interedivicion eaordinatien of knowledge ond capabilities. 


The primary subjects covered during the meeting vore: 


| 1) Review ef measuring techniques for mechanical system motion 


2) Review of current camera applications for flight test data 


3) Presentation of missile simulation techniques used by Powono Division for 
flight feiluro analysis 


4) Discussion of factors which primorily determine tho iz 
used for tast vehicles 


5) Visit to Consolidated Eloctrodypsemiesn Corporation for preoa 


digital flight test system thay аке developing for Douglas Aircraft. 
А aummary ef tho items discussed is prononteà Белом. | 


| Mensueecont ef Motion 


Ske primary instruscntotion вуабанв used for the measurement motion within 
Cenvair are the following: 


1)  Robíiotoneo potenticroter 
B Comoras photographing operation 
Strain gage beams 


5)  Autoeyn and صیعتہہ‎ indicators. 


£ CPRERERFORARG ORFF EERE RESHPPRPCELOM GEE [PER و‎ RED EERE НИТ DI 
Е CARRE CERT EPR URPRERLOMEFERRUDEY MEE IREEEREREEUN ERREDRRER 


a 2 ел‏ رھ کے چک کر ےک 
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| 
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Measure ureent of Motien (Continued) 


io of these have their particular applisetiens fer whieh they are best used. Tue 

patertiaueter is practical, rugged, end suitable for information up to 30 eps 

Фавроввао Фе рпбейбісшебер-46 the rest cswronly used transducer for motion. | 

"arz cao xara ugoful for applications vera transducers. gangs be attached er поза 

в оберлех. Strain gage besme are primarily used for first movement indieatien. 

Variable reluetuünco trensdueers are wore conoitive than potentiometers. Resolution 

is дебеууйлай пу tho resté of the system. Autosyns and colsyno are primarily used 

for photo recerier or pilots penol indication of system motion. 


as 
colve the prablem of obtaining the relative motion betvean the boostor motor 
assembly as $t aeperates from the Atles missile, e Mehing reel installation bas 
ач ди attached to the booster is ааа а 360° 


5% angle ӨТ attack system currently used on Terrier ani Redatera missile — € 
ef a cruciform svept back vane configuration attached to а cone mounted on a short 
boom in front of the missile. Inside the cone is а set of gimbals with a potenti- 
enater for each of the tuo axes of rotation. The frietien of the vane пакъ ig 
arall, Beasuted in grams. The response. is quoted to be flot to 100 eps. Range of 
nleasurenent % 27°, accuracy of measurcment s 105°. ‘She vane ie satisfactory for 
Mach numbers fro Ew to dbovo 2.05 The instrument is manufactured l by Edeliff. 
Perona Report 19193382305: presents evolontien toste. 


Cui ibretten £ for Dynà mic mic Ргеспиге R Regy 274 


- various processes used to determina ‘the response characteristics for pressure 
instruments сгово in the discuscíon. The moot téóehnieslly ‘correct satisfactory 
process appears to be the. utilization Gf the өшбек tube prinsiple. Thio вузе is 
: o (Thie procedure is being used dt Sas Diego for ‘the 
5 92ں‎ е) А précedure used at Parona hag teen to plese а vacum tube 
3 ` gEiparênant te which the gago to bo tested 40 vented. To test 
2557006 the vacuum tube $8 brekem. fhe instrument renetion to step function 
pressure 4в recorded. А similar process using tue chambers has been uscd at Fort 
Worth, In this case, the shapes Ө? the стрес greatly offected the test results 
ین‎ At Ваз Diogo а mechanically oscillating pump wos = fer checking 


responso of the installation used in the flight leads pregr 


Elevator Surface Position 


| Fert Werth end San Diese Divisions reported cuccons 4a coouretaly measuring 
relativo angles fer a particular part ef eleven controle on the B-58 and Р-106. 
Ascuracies of .01 degree have been ebtained. Трева a6curecios apply only at tho 
location measured and aro not considered to be representative of thd ceverage рэзі 
tion of tho entire surface. Фо obtain these accuracies full seale deflection ef 
the transducers bas beco Limited to feur tó five « ә Port Worth r & that 
tho contact wipor for in flight calibration of elevator position hes not been 
suseossful. dug to dictortion of tho wiper used for contact. 
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Missile Simulatien Technique fur Failure Analysis 


| фе Ротоно, Divisien in testing the Terrier and Tartar missiles have used 


missile syaten simulation for flight feilure analysis for the past several 
years. This has been dono in tuo mys. First analogue computer sinulation 
end second breadboard missile hardvare.. Yn the amalesue computer simulation 
the functional characteristics of the various components of the missile 

‚ guidence system are веб up in the analogue computer. Flight recede of oute 
puts from various points in the flight missile are played inate tho ceaputer 
at the respective position іп the simulated midsile circuitry. The computer 
then produces othor functional operatiens which should өсече from this input 
throughout the rest of the missila system. When the resultant oporations do 
not match recorded operations коз flight it io apparent that tho éomputer - 
simulation 4095 not duplicate. tho response characteristics of the equipment 
in the flight test missile. Tro charectaricties of tho sirmlation are then 
adjusted in an attanpt to obtain similar response characteristics from the 
computer an occurred in flight. Through this trial and error operation an 
understending 55 obtained déncorming how the components in tho flight. 28.8832 
vere actually operating. 


Xn the brosdboord of missile hardware ессронелів the entire missile systen is 
duplicated with actual missile cco3pononts. Тіс various ейгейіФо are aseassible 
fer simulating malfunctions such as voltage voríations, open contacts, shorts, 
etc. Hith this equipment flight conditions may be set up fron tho control 
panel. and various malfunctions tried to determine if the brendboard ayetên 
reacts ín the same manner the missile reacted ва flight. Using these tuo 
Simulation methods very conclusive date concerning causes of flight. failure 
have been obtained with éonparativoly fous tens of data bolag recorded during 
flight. fhe breadboard hoodwaro missile provides opon leap testing whale the 
еголодио computer ean provide 602 B مسبت‎ fer parformanes Prodi ction 6. 


Camara быз eaticn for Flight Data ہہ‎ 
San Diego. Division hes developed wing peas fer сасоға ingenii 20 Тре pedo ero 


attached to the cxtermal fuel tank fittings. This {installation provides better 
inforuntion concerning notlen of missilaes.ond rockets as thay leavé the missile 


‘bay ef the F-106. Тепе pods bave allowed for more canamas, higher вросд 


larger cameras, and intercluingcability of dnstrimentation botucon the alreraft. 
The quality of data cbtained fren the pode іс better thon that меһ vas availe 
able fren the airberne camcras locoted lesg: strategically or fran ehoso 22001 
cimeras. Through application of trigonezetry and basic optie principles, San 

Diego feels théy have accurately determined rockot position, motion, axd 
attitude. "Another development at San Diego has been а wide frame camera which 
ивав ھی‎ а M i ма Cen QS оспа бо пе зае ns Fo та 
height of four morral framaso TO eee ганан. Ъебшгеа various сасегев in 

, tho aiperaft the 400 cycle reference 44001 46 rarked em each film at a position 


Яп the comers vhere motion is continvous. Correlation of these 100 cycle reference 


Signals io асевло анод by using ба event signal. This event light 18 recorded 
on the airborne oscillograph equipzont and is transmitted to the ground recordiag 
systems through a signal on the АВС-3% Crenemiüter. $he trailing edge of the 
pulso from the ARC-3) franmitter is used for the references of all systens. 
Through this systen the aisborne сәгогвв are used to dotexiine tho first foruaxrü 
motion FE nes аы مت‎ паа s missile and roskat trajectory 

| datas 


си, 


ТЕКНТЕННЕРРРНТРРҒЕТТЕН ЖҮРЕ ТЕРРРЕРИН ЖҮРТТЫ ҒЕРРЕБИЕРЕ 
жанаты НТ ЕТЕНЕ ЕРЕН ЕН ТЕ ТЕН ТЕН 
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tho angler relationships (тет tho sum and the. 28 
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Diners Utilizatien for Flight Data (Continued) 


Fore Werth ic obtaining в "Sky Camera far determining a position reference for 
their bomb navigation syoten. This camera uses four lenses te photograph the 
mesa, the oun, and the surfaco of tho carth balov aircraft oimultencouoly. With 
n it vill bo paceible to 
determine the emnet opot of the earth ever which the eireraft is flying. Еле 
poricace with this вегога is not yet avoileble. 


Ei calibrato tho accuracy of the various trajectory equipment used at Patriek 
Атас tho Ак Force has exploited the angular accuracies available from ballistic 
cameras by photegraphing the sky background and an aircraft or test object carry- 
ing а flashing light. Very aecurote Angular data can be ebtained. Fer each 
ballistic plate twenty staro are used to determine tho amet position redvsed to 
= order of 0.000,01 of a degree. This work iG being done by RCA. 


other range camera develommants &ppesr primarily te be improved’ санана ef the 
АБ Patrick they currently quoto an accuracy of twenty five foot for Aakanta 
theodolites et а range of twenty milego 


San Diego io procuring a Leckheed exmera for the Medel 880 program which utilizes 
mirrors to be able to determina the position along the rummy, елуде above the | 
runay, апа engular pitch, yaw, and roll attitude in respect to the runvoy. Tale 

eboard the aircraft should eliminate the necessity of external cameras on 
the side of the Minis d for takeoff and Loading data. 


А general. Aiecussion of what ара how instrumentation Bysteas. and equipment wero 
determined ot the various Divisions resulted in tho follewipg list of primary 


paramaters. Thay have been arranged in relative imporptepoo using techniques of 
Selecting the top ten football teams cach week. 
FOSYFION SCORE PARAMEYER 
| A 35 poss of vehicle . 
2l Instrumentation capabilities 
21. Reliability of instrumentation equipment’ 
| 25 Schedulo for incotallation of inatrumentatien 
| 1% Operation and maintenance roquiramant for dastrumentation 
10 Custerer spceifieatien roquiromsnts 


9 Data redvetion capability | 
8 Status of systems in vehicle boing tested 

8 Cost of instrumentation > valuo ebtained vs cnet 
L, Standardization ef equipment 
2 
3 


Simplicity of instrumentation systen 
strumentation in tost 


SES wu نہ یی‎ eto ËO F 


Space and veight available for im 
vehicle 


л. 


tie сото scaring was obtained by having cach individuo ealect by priority the 
major five items of e list of paremeters arising out of tho gensral dineusnien. 
The seors for first position vas fivoj зосава => four, ete. Other paramcotars 
‘Insivuied en the list uhich did not score іп tho above presesses wore: 


2 Design and technical group desires 
2 Quantity of measurements required 
3 Availability of dato after Flight 
4 Inflight. monitoring 

5) Frequency response and accuracy. 


fhe interchange of ideas during this diseussien vas probably ef greater valve 
then the resulting List. 


| a 
= 


| Mr. Bob ТҮН broifly discussca the vor Astrenaubies has baon болоц in xespoeo 
to éctermining spectrum density infermation en vibra әруігес-әпе within the 
‘Alas missile. Te correctly design cempenen mvinsument ӨР a large 
relatively flexible vehicle 18 introducing new concepts of самілшеле spaeiriens 
tions and detailed design. It has been detennined that equipment designed to 

| withstand & вчоср Of the entire vibration spectrum is frequently ovardesigned 
for on caviremmont of "uhite noise vibration” in which the destructive vibration 
feces eceur at only a fev particular froquersies. Frequently oquíipsont which 
can withstand tho few predsuinant frequencies can be much lighter than equipment 
i designed for the full spectrin. This typo ӨР design has bocóro suffi ontly 
important et the Astronautics Division for а consultant to bo hired te teach a 

| better vadorstondins of dynamics design. To aid design enginsors tho Flight 
Eveluntion Group is presenting the data in four ways. 


8 DMeplaccnent vo timo 
' b. Velecity vo time 

ге Acceleration vs tims 

|4 Spectrum density vo frequsney 


It is 017216016 to visualize spectrum дао Ву charccterictics fron any of tho 

i normal. factors we Бато previously used fer understanding vibration eharacterlotics. 
| This subject was of sufficient intercst that 16 was dooíGod that 3% would be ene 
of the prime subjects for discussion in our next Instrumentation Sub-Cowneil 

i meetings А good paper presenting Astremauties development and reoults bas been 
prepared by Mr. Neil Kirby. Copies ӨР this paper can be өзбетті fron Ме, Аё суо 


Аб the last cuUbseouacil menting the Astronautics Divieien reported a bordcd 
resistanes type temeratura transdmeer uhich they wore starting te uso en the 
Atlas missile. Exporícneo vith these otíck-on gages bas sheva that they 

| frequently fall off the thin welled tanw and these which de обем are Oiffiovit 
| to calibrate. То obtain sutiofeetory data they have gone te themmpceuyles spot 
polded te the surfaces 


+ 
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Неуісу ef Гос раю and grips 


| The vexíoun trips porticipents had tekken in the lest oix menthe wore dice 

‚ cussed. Tha Ongo mentioned wore primarily the Flight Test Вулртойлға of the 
Instrument Seclety of fucriesn of lov York end the Telezatering 682078 
аё Mosk, Flerida, and Boltiroro, Moryleed. Мг. Лесу provided a trip хорото 
fer the tuo tolerstoring conforcucgs which gave brief review of the primary 
points of valva in the various papers. 


‚ Mro дома Murphy reported в visit to Toms Instrumentation бе pany 
| favorably impressed vith tha oe ДА of the о and pxteodmrs 

| Poxas Dostrumentation Company anil fer the en vortol Mort af atr 
| products. 


Mr. Chaney prasented infromation conoornaing plotting of digital data using the 
Stremberg-Carlsea Charactrun ho. Inastallatéens at Eglin Fiola, Florida, сой 
USN Ballistics Proving Ground, Dahlgren, Virginia, utilize this oquipment to 
ee ee Cen HO ere О: ‘Live t ten 
ee ee 


| А generel observation of 0100480 contacte vas that а armbar ФЕ Groups are 
‘using term "vorífiention" of iastrumentatien rathor than “ealibration™. A 
‘pasic calibration is initinlly Ggtexcined опа thea es leag مہ‎ vorification 
cheeks indicate the calibration vithia a provieunly deteninsd band of tho . 
eríiginol calibration no dange 48 made Ай the output ealibratien. A mibo ӨР 
organizations are doing stntistieol вий 00 to deters tho frosvouey of 
ee ov calibration oporatiens. 


Currently such zanhour ond progres: echatule tira 46 being wiod for instruc 
entation. cot up ола calibratien. 


Mr. Choray reported that Leckhoed Alrerart within their Esgircoring rescareh 
budget expeuds en the order оне shocking кот instru- 
еа е and 3706ء‎ тоифа 


Та асылар dineussien copeoxaipg “What 49 пу biggest peablen оз an Хәсбхитсвблейелт 
Engineer” tho folloving items ware brought out. 


1) Satisfectery nsosurccont of vabratien characteristies 
2) Glem definition of рһопяговп to be measu 


enourcmont accuracy für peaks. and minimums of tramsiont cssditiens 
tion of minin velucs anû voight (missiles prirariiy) 


<s 0...7. ~... 


6: 
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. 6) Engineers desire to une ngu aquipuont for old rcguírcoonto 


T) Foor quality control of test equipment and installation delivered to 
operational activity 


8) Redueing reesuransat roquirczents to tho trus mandatory {tens 
|9)  Obtaining the bread knoviodgo ef tho test problem 


10)  Commmicatien between instrumentation engineers and flight toot 
enginsere. 


| 
a) Instrunsatotion designed and installed by other departcanta. 


= , 


fluid pressure transducers Аз солода usa imeluding о abort list of the 
infornation availoble esussrming the соміхтейба Tho scerctary До to 
69:40 this dota for distribution. If this projects devaleps satis ` 
fectorily additiezsl aubjects vill be bandicd із c similear mumar. 


2) Forura to the Flight Tost Council Secretary bibliography ef technical 
roeperts ecneovning instruncatatica ayst<ns Ушев hove boca dosved | Әу” 
each facility. The воегофаку ما‎ te caxpile and Atributo cu-roxy 
bibliesgraphy of infermatieon available within Conveir. 


3) Grip reports concerning iastrurentatios oqüipzent and techniques are te 
0-22 ern ион او‎ ЩЫ 
representatives. 


| 3) Compile and forvard to the Flight 8566 Council Secretary а 1456 of the 


Aganda far Ша Mootíns 


It wan decided that the primary item for the agenda of the watt Dostíng 45 to bo 
the measurement of vibration savirsemamt. Due to the techaleal aspects of this 
subject 4% was recommended that ал өзеійсес partieulasly technienlly qualificd 
ов this subject be included. Othar auggested subjects far حفصعہ‎ voro: 

1) Experiences with tho partieular types ӨР transducers 

2) Transducer requircments für which solutions have met bean 6 
3)  Evelustion of instrumentatiem systems enpabilities and relative merits 
L) Techniques fer chackows ond calibration of $notrurontotion. 


| 
| Tho naxt meeting will be held کہ‎ Holleran during Jumo 1959. 
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On 'Buxesday, 13 Noveubor, the group visited the Data Laboratory ef Consolidated 
Electrodynamies Corporation За Pasadens for a presentation af tho Digital System 
they are devaloping for Douglas Aircraft Engineering Flight Zest Division. ALL 
participante enjeyed the detailed explanation provided by Dr. Sink who developed 
the basic principles of the system. 6.2.6. veletmed the eppartunity te present 
their oguipzant to a group representing ell tho Divisions of Convair. 

Generel, 

һе 1 Pomona Division (Megero. George Anas and Bud Price) provided oxcollont 
arrangements including a social gathering im the evening at tho farsuc Sycamero 
Ion. не mixture of six new Flight Pest Council participante with six who hoá 
attended previous instrumentation maetings provided both поч csnespto and 
continuity with previous discussiens. 


ec: Attenteosr 
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мазвітісаслтоп angea тот à 
Ссігігті ONE ۷۷67-۷۷-۱ 
UNCLASSIFIED | WRIGHT 
Authorized ty: SAAVA Date 12-2%-65 
P D 254 KELLY AFB ТОС. 
НесТаз у. ied by: Dept. Date 


опса ае -Vultee Kha ум? TET | 0 


T مس‎ 
d INEO M 
" _ COMPRESSED Static COMPRESSED · 4» : "4 5 
EXTENDED | EXTENDED — ee] d н 
у 3 65" 1 я 
6 0а” GROUND LINE 
m STATIC 


j F 


". 
Це ех 
LI E | 
95 COMMUNICATION 
COMPARTMENT | NAVIGATION 
` 7% | 
RADOME мхито NOSE ) REFRIGERATION AND ELECTRICAL POWER SL 


RADAR EQUIPMENT) WHEEL WELL 1 ARMAMENT SECTION! 


SERVICE 


WING SECTION МАСА 0004-65(MOD) М.А.С. 2311 1.5" 
WING AREA 561.5 sq ft ` ASPECT RATIO 22 


COMBINED TOTAL 
525 GALLONS 


k 


COMBINED TOTAL 
525 GALLONS 


ZZA Fuel (Gal) Xt Water Alcohol (Gal) ШШ Oil (Gal) 
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POWER PLANT | ! "E 


No. & Model * (1) YJ67-W-1 
MEG S reco s ua RR ANE Fa FADE E Wright 


Engine Spec. Мо. ....................... 880-A 


Navy Equivalent: None 


The principal mission of the F-102A is to i 

under all conditions of weather and visibility usir 

| designed to; operate from ground-alert and, under 
Weight (Dry) | ments for general, local and free-lance air defense 


Tail Pipe 


Augmentation This airplane incorporates a delta wing and 
power operated surface controls. Тһе landing ge 


*First group of aircraft produced will type. Auxiliary braking is provided by a sixteen f 


have Pratt 8 Whitney Ј57-Р-11 en- 
gines installed. Present plans call 
for installation of Pratt & Whitney 
J57-P-5 engine as a interm engine. 
YJ67-W-1 will be ultimate installation. 


LB — RPM - MIN 
* 21,500! 6175/8000- 5 
13,2001 6175/8000. 30 


11,700! 6175/8000- Cont. 
* With afterburner operating 


T First figure represents RPM of low 


pressure spool while the second that 
of the high pressure spool. 


The Pilot's section is pressurized and рг 
pilot. 


The radar equipment is located in the i 
immediately behind the pilot. 


The armament is located in bays in the botti 
extended below this section for firing. 


Design initiated: 

Contract date: 

Mock-up date (with J67 1. 

First Flight (with J67 engine): .` 
Formerly designated Convair 1954 AWE 


Size Type Location 
2.75" ЕРАР Fuselage 


Alternate Provisions 


96.5 2.79 аки FFAR...... Fuselage 


[alib min газе 1де inetallads | 
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РТР 18,654 (Е) 
16 وو وم‎ ЕР 18,774 (Е) 


0 
ات‎ UN EN MEN 


Mfr's Model: 8 
Мах Т.О.........128,583.............. 3.0 
Мах Land .........:128,583............... 


ision of the Ғ-102А is to intercept and destroy hostile aircraft 
\ weather and visibility using guided missiles and rockets. It is 
‘om ground-alert and under ground control and to fulfill require- 
| and free-lance air defense. 

| 

orporates a delta, wing and triangular vertical tail surface with 
) controls. - The landirig gear is of the fully retractable. tri-cycle 
g is provided by a sixteen foot drag chute. 


(Е) Estimated 


* 


For Basic Mission (Point 
Intercept) 
| 


| 
| 
| 


Топ, is pressurized and provisions are made for ejection of the + Limited) by strength 


pment is located in the позе section and in an electronic bay 
pilot. 


No. Tanks 


jocated in bays in the bottom mid-section of the fuselage and is 


6۲٥٢ for firing. 


— 


ТЕ Е. 5624А‏ وہ مد سا 


(Етегдепсу Operation on fuel conforming 


ды | ae 7 to Specification MIL-F-5572)‏ یں سر رت 
dd cM (Space provisions for installation of‏ یھ سم 259934 еи SE‏ کے 
ot established) ferry fuel tank in fuselage with capa-‏ : روم өліге Ё ы е | odo d‏ $7 


| Convair. 1954. ANI city of approximately 500 gal) 


OIL 


Specified engine includes oil tank. 


pn : . MIL-L-7808 
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ers | MISSILES 


Жы. Location 


Electronic and Control System..... 
Hughes Aircraft Corp. 


Rise x Fuselage Location 


No. Model 
B scc XF-98A(Falcon).... 


Fuselage 


E [XIX] Fuselage 
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C O N DITION 8 | BASIC MISSION. 
POINT INTERCEPT AREA 1 


I 
TAKE-OFF WEIGHT 27,104 27, 


Fuel at 6.5 Уде, (Grade JP- 4) 6,825 
Military Load (Missiles) 
Military Load (Rockets) ә 
Wing Loading 

Minimum Speed (Power Off) 
Take-off Ground Run 
Take-off to Clear 50 ft 
Rate of Climb at S.L. 
Time: S.L. to 40,000 ft 
Time: S.L. to 50,000 ft 
Service Ceiling (100 ft/min) 


COMBAT RANGE 


Average Speed 

Initial Cruising Altitude 
Final Cruising Altitude 
Total Mission Time 


COMBAT RADIUS 


(4 Average Speed 
Initial Cruising Altitude 
Final Cruising Altitude 
Total Mission Time 


TOTAL MISSION TIME 1.5 
Interception Altitude 57,600 


COMBAT WEIGHT 24,550 23, 


Combat Altitude 57,600 58, 
Combat Speed 570 

Combat Climb i 500 

Combat Ceiling (500 ft/min) 57,600 58, 
Service Ceiling (100 ft/min) 58,300 50, 
Maximum Rate of Climb at S.L. i 49,000 _ 50, 
Maximum Speed at Optimum Altitude 1173/35,000 1173/35, 
Basic Speed at 50,000 ft 1,143 


LANDING WEIGHT | 21,179 


Ground Roll at S.L. 2,225 
Ground Roll (Auxiliary Brake) 1,625 
Total from 50 ft 3,830 
Total from 50 ft (Auxiliary Brake) 3,250 


Maximum Power Jer Falcon) Missiles 9) 
Military Power 24- 2,75” Rockets. | 
Detailed Descriptions of Radius Includes Tine ph Take-o ) 
and Ronge Missions ore Given and Acceleration to Clio el 12 
оп Page K | Солы ht Red 


FORMAT ON e 


€ eee. a | ‚ SERVICE X 
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= " о — = е — "ical Wi | : 


FERRY RANGE 


NORMAL FUEL LOAD 500 GAL. 400, FUEL (9) 


| I Ш 


| 27,104 25,862 
| 6,825 6,825 
750 | Мопе 
| 432 Мопе 
| 41.0 39.1 
127 124 
| 1,340 1,210 
| 1,960 1,810 
x 10,500 (2) 11,350 
| 5.3 (2j 4.9 
15.4 {2 15.4 
| 49,500 (2) 51,000 
x 1,110 
| 518 
45,000 
| 45,000 
| 2.1 
| 350 
| 518 
45,000 
45,000 
1.4 
23,795 20,249 21,186 
58,200 45,000 45,000 
570 1,173 1,173 
500 11,200 10,500 
58,200 61,200 60,400 
50,700 ®© 54,300 © 53,500 © 
1222 50,500 = 59,500 56,800 
1173/35,000 1173/35,000 1173/35,000 
1,150 1,173 1,173 
21,526 20,249 21,186 
2,250 2,125 2,225 
1,650 1,550 1,625 
3,670 3,835 


3,100 3,260 7 


issile 0 Tank Performance Basis: 


(Flat Dior) | Drogue Chute В Data Source: Estimated} Dato 
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пе. "^ Service: Ceiling b) Performance is Based оп 
ects of Acceleration on Rate Powers Shown Page 3 
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۱ СОРТЕ 


мот 


—— 


Take-off and accelerate to best climb speed wi 


ceiling with maximum power. Combat 5 minutes at cd 
(combat fuel based on fuel consumption at 50,000 Fi)! 
maximum endurance. Reserve is the fuel required: 0 
speed for maximum endurance. Total mission time does 


| 
епдїпе, warm-up and taxi; or reserve. 


۱ | 
FORMULA: POINT - INTERCEPT MISSION | | 
| | | 
1 
| 


| 


| 


j 
Take-off and accelerate to best climb speed with n 
with military power, cruise out at speed for best rong 
ceiling with maximum power, combat 5 minutes, at сот) 
cruise back at speed for best range at 45,000 Fit. Rang 
utes operation at normal rated power at sea level fer s 
minute. at maximum power for take-off, 5 minutes! conbat 
power (based оп ие! consumption at 50,000 Ft), aad c | 
sea level at speed for maximum endurance plus 5% of in 


FORMULA: АВЕА - INTERCEPT MISSION 11 


FORMULA: RANGE MISSION 111 | | 


Take-off and| accelerate to best climb speed with | 
altitude with military power, cruise at speed for’ тайт 
free allowances include 5 minutes operation at nérmal ra 


ing engine and taxi, plus one minute at maximum powa 
20 minutes loiterjot sea level at speed for maximum еп 


| 
MES 


Í 


| ڑا 
[Y INFORMATION | | SERVICE‏ 


aa НАЯ 


REEDENI eres ы 


| T ES 


15510М | 
| 

imb speed with maximum power, climb to combat 
| minutes at combat ceiling with maximum power 
|. at 50,000 Ft), loiter at 35,000 feet at speed for 


е! required to loiter 20 minutes at sea level at 
ssion time does not include time required to start r 


SION 11 | 


inb speed with maximum power, climb to 45,000 Ft 
lid for best range at 45,000 Ft, climb to combat 
minutes at combat ceiling with maximum power, | 
15,000 Ft. Range-free allowances include 2 min- 

| sea level for starting engine and toxi, plus one 

‘minutes combot at combat ceiling with maximum 

) 000 Ft), айй a reserve of 20 minutes loiter at 

se plus 5% of initial fuel. 


х | 
‚ | 


Imb speed with maximum power, climb to cruise 
[peed for maximum range to remote base. Range- 
tion at normal rated power at sea level for start- 
t maximum power for take-off, and a reserve of 
Чог maximum endurance plus 5% of initial fuel. 
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5 = 
(Security. Infomation)...‏ ‘ 
PRE MOCK-UP‏ 
Э). + Мо. & Medel...... Em YJ67-W-4 Loading Lb‏ 
о Wright газ | "3 7‏ سام Міг....... tap‏ 
Engine Spec No. и nis Navy Equivalent: None Mfr's Model: 8 Empty ........ 17,304 (Е) ISA <‏ 
i Basic......... 17,501 (Е! 7‏ 
к = ES ish. вази The. principal mission of thé Е-102А is to-intercept and destroy hostile Design n.s: 22. 891 0 ‚..5. 38: 2% 222‏ 
Di gih Ut fas ad “аа i aircraft under all conditions of weather and visibility using guided. missiles. Combat... E 310 LT | eu ге?‏ . 
5ф00 1b and rockets. It is designed to.operate from ground-alert and. under ground. Max T. o 2 р „128,600 ...... 3.0 | uo газ‏ سر ерни (4 AE >). PY‏ 
Tel pu гу т `Ашо, x Va Еч ble area controlandto fulfil requirements for general, local and free-lance air de- Max. Land 128.500 1.3.0 E aa a 2. 3‏ 
Ip : aria fense. ..ш.. жЕ м |‏ > 
Augmentation , - Sata eae .Afterburnirig !‏ 
Thi plane incorporat delta win d.t la tical tait (E) Estimated |‏ ; 
is air rporates a g and.triangular vertic ai For B Mi Point Int- i‏ ; ; کت و 
в : - For Basic Mission(Poin‏ 
S M E E E surface with power operated surface controls, The landing gear 15 af the егсері) 2 |‏ 
Macr 122-1124 SW will vel fully retractable, tri-cycle type, Auxiliary braking is provided by a six- f Limited by strength‏ 
s. y ame Em бенен | | Z° teen foot drag chute, : кз |‏ 
ultimate installation,‏ , 3 
и The pilot's section is pressurized and provisions are made for ejection‏ | | 
N | x я of the pilot. Provisions are also made for the pilot to enter and leave the‏ 
ENGINE RATINGS ‘airplane without the use of seperate ladders ог. platforms.‏ 
"uM NE" _ Theradar equipment is located in the nose section and in an electronic‏ 
pee. сев: BEM bay imrnediately behind the pilot,‏ 
"RS TENOR : I Wg. ай al zs‏ 
š Т = аған. : 9‏ 
| رر ان یں The armament is: located іп bays in the bottom miä- ~section of the fuse-: Fus, a RÎ. 1 ОТ‏ 6173/8000 21,900 
٦ ми: 13. 200 6115/8000 _ 8g lage апа is extended below this section for firing. : Total 1550‏ 
X Ë Py Grade .................... JP-4‏ | | ×۰ 
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6175/8000 -Cont Specification ........MIL-F-5624A 


"Nar: 11, 700 


*With. afterburnér aperating 


Design Initiated 7 Е | 
‘Contract Date ..... ma eam eer iuam а E, 

Mock- Up Date (with 367 engine} ..-.......4-..жш-тажа......;.. (est) Apr 53, 
First Flight (with 267 епдїпе)...,..,..‚.................„...(ез}) Маг 55 
Formerly designated Convair 1954 AWI ۱ 


= - - ӯ са 
DIMENSIONS || в | ста мала | 


*".-»"»*-"9*5^2292929:4 99 ъз чоп + а 
Incidence .................. 09 
Dihedral ...................„. 0° 

| Sweepback (LEY ...............609 Electronic and Control System 

телді عم سا وا سے و اوج‎ 52, 4! Е 


| | dis da | Hughes Aircraft Corp. 
3 | I i ВАУ | | Ко. Size Type Location 
it 7" . n 5 


f First бриге represents RPM-of low 
pressure spool while the second that 
of the high pressure spool. 
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| — — -Alternate Provisions: - | 
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160 GALS. 


WING AREA eso SQ.FT. || N. | | 
ASPECT RATIO 2.31 220 GALS. я 220 GALS. 
M.A.C. 22124,4" | | 

AIRFOIL NACA 0004-65 MOD. 


384.38 : OIL INTEGRAL 
у WITH ENGINE 
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POWER PLANT 


Covered by Note (D 


#0, & Model 
Manufacturer 


YJ67 - W- | 

Wright Aeronautical 
AC- 161 
4,425 lbs 
Afterburner 
261.0" 
42.0" 


Spec №. 

Total Ory Weight 

Thrust Augmentation 
Length (maximum) 

Basic Diameter (maximum) 


MIL 
SL 


6,600 


6,600 
Thrust(Ibs) 19,700 11,800 
SFC 

( £/hr / 8T) 


2.010 0.800 


ЙҮ au eer 


650 sq f 
(actual 


Wing: Area 
Span 
Root Chord Length 
MAC 
Aspect Ratio 
Section 
Leading Edge 
Sweepback 
deight(overtail ) 
Length 
Maximum Tread 
Vertical Tail: 
Height 
Aspect Ratio 
Leading edge Sweepback 


38'3" 


2.31 


1950 


NACA 0004-65 {mod} : 


2.75" folding fin, forward 6 


The mission of this interceptor fighter airplane is to 
intercept and destroy enemy bombers under all conditions of 
weather and visibility using MX-904 guided missiles, aug- 
mented with 2.75" folding fin aircraft rockets (FFAR). It 
is primarily designed to operate from ground alert and under 
ground control. Jt fulfills the requirements for general, 
local and free lance air defense anticipated for the period 
1955-1959. 


This airplane has a delta wing and а triangular verti- 
cal tail surface, thecontrol surfaces of which are entirely 
ромег-горега?тейг The--landing gear: ‘ts of ‘the fully retract 
able, tricycle type. 


The pilot's section is pressurized and provision is 
made for ejectionof the pilot. Provisions are also made for 
the pilot to enter and leave the airplane without the use of 
separate ladders or platforms. 


The radar antenna and additional radar equipment is 
located in the nose section and in an electronic bay immed- 
iately behind the pilot. 


The armament is located in two bays immediately below 
the power plant. The forward bay contains the rockets and 
the rear bay the missiles. Both the rockets and missiles 
are mounted on the bay doors which are extended for firing. 


MISSILES 


firing aircraft rockets, (FE 


/27 wv 


Gn 


7,4 = 


“MX-904 air to air -qiidéd 


===, 


"14-5 5-1 


Jes 


WEIGHTS 


Covered by Note (D 


G.W. (Е) Design L.F, 
14,705 
14,902 


20,000 


Empty 

Basic 

Struct. Design 7.33 
(maneuver ) 


Full Load 22,9%) 


@ 


Max.Take Off 22,796 


` 


Max.Landing 22,796 


20,000 


Location 
Tanks 


Wing 
Integral 
Capacity f050-gà] 


Type МНЕ 5624. (брес.) 
Fanks—are—not—set+f~seating 


OIL Aceto d: 


Location -Engime- 


Tanks <tntegral=wi-theengine 


Sut apacity ОЮ, gal: 


Type AN-0-9 Grade №10 


ELECTRONICS 


Hughes—-Afrcraft Corporation 
MX—tH79-Etectronie-and-Control-System 


Жа Partia 


MX- 1554 


—— — ——WU.YT.A 


INTERCEPTOR 


c — سے ہے۔‎ — гр 


АҒА 


сомрітіомв (% 


AIRPLANE 


TAKE-OFF GROSS WEIGHT 
Fuel Wt & 6.5 Ib/gal 


Armament 
Wing loading 
Thrust loading (3 


is 
(1b 

(15) 

(lb/ft?) 
(Ib/th T eSL) 


Thrust loading (4) 
Min speed (power off)at end of mission 
Take-off ground run @ SL (9 - 
Take-off: to-ctear 50: £t a SU (4) 
Rate of climb @ SL. — _ 
| ' Time to climb (6) : SL to 20,000 
| SL to 30,000 
SL to 40,000 
SL to 60,000 
Time to climb at varying G.W.,SL to 50,000 
Service Ceiling (80=100 fpm) (6) 


COMBAT RANGE (D 
Average cruising speed 
Cruising altitude 


Total mission time | 


COMBAT RADIUS (9) (7 
Average cruising speed 
Cruising altitude 
Total mission time 


— о ыы... 


COMBAT WEIGHT (9) 
Combat altitude 
Combat speed 
Combat climb 


Combat ceiling (500 fpm) 
Мах К.С. @ SL ۷ 
| 
| 


سے 


Мах speed/altitude <4 


LANDING WEIGHT (End of mission) 
Total run from °G ft @ SL 
Ground roll @ SL 


29 DECEMBER 1950 
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سج سے متا + ھت ات شی ته س کے هی 


LOCAL D 


—— 
سے 


a 
PRODUCTION 
ENGINE ү67-#- 1 


450 (Back) 
35,000 


тә 
60,900 


44,200 


1110/35,000 


EFENSE 


517 (Back) 
35,000 


19,920 
35,000 


78% (D 


108 2/ 35,000 ~ 


—— میں 


-G&"ENERAL DEF- 


PROTOTYPE 
ENGINE XJ40-WE- 10 


11.60 (7) 


54,300 (3) 


850 
40,000 
61,000 
44, 500 
1111735 ,000 


@ 0 


29,100 9 
50,000 “4) (8) 
34,806 


108 5/ 35,000 
16,047 ` “5.658 7 
3330 3250 
2050 2020 


i119/35,000 


15,140 
3350 
2070 


МХ- 1554 


52,900 .3) 
41,700 
1093/ 35,000 


INTERCEPTOR 
_ 4 


DER 


(1) "information given is for the production airplane only. The Taken for a typical mission. 
Prototype airplane differs in the following manner: 


Performance is based on calculations. 
POWER PLANT: Fuel 6.5 lb./ cal. 
Number .& Model XJ40- WE- 10 
Manufacturer Westinghouse 


Specification Number WAGT-XUOEBA- 2A | ANNE کھت‎ 
| гоз 

Total Dry Wei ght 3,970 егпате terry 9 9 

Descriptions of missions are as follows: 


Mfr's fuel consumption data increased 5% 


Thrust Augmentation Afterburner 
Length (maximum) 285.8" a. Local Defense: (i2) 


ic Di haxi " Warm up for 30 seconds at military power. Take 

iuba к ЕЯ off using military power plus afterburner. Accelerate‏ و 
vertical Height (maximum) yi МБА Жо-гс то speedsat-seatevel зіп а= ті аг у: -power=phus E E‏ 

“Horizontal Width (maximum) и 42.6" afterburner. Climb to interception (combat) altitude 

011 Tank Capacity ` 4.5 gal. using military power plus afterburner. Proceed to 

interception while accelerating toward maximum vel- 

ENGINE RATINGS: | ocity with military power plus afterburner. Combat 

МАХ. , for one minute at military power plus afterburner. 

Power Rating (MP+ АВ) Normal Cruise back at speed and power for maximum range. 

Altitude St / SL Hold for 15 minutes at the altitude for maximum en- 


| 60 7260 durance unless combat altitude is already lower, 
ча او ا"‎ РТА Descend to sea level. Land with sufficient reserve 
ime Limits ` 


т fuel for a second approach to the landing field. 
Jet Thrust (975) 13,700 8330 General Defense: (12) 


SFC (#/hr/#Thrust) 2/500 0.893 Warm up for 30 seconds at military power. Take 


off using military power plus afterburner, Accele- 

WEIGHTS: rate to climb speed at sea level using military pow- 
б.н.(Е) N Design L.F. er plus afterburner. Climb to altitude for maximum 

\ range using military power. Cruise out at speed for 

Empty f 14,305 \ best range (M=.9). Descend or climb to combat al- 
Basic 14,502 titude (military power plus afterburner for climb) 
Structural Design 20,000 7.33 (maneuver ) Combat for one minute at military power plus after- 


burner. Climb back to the altitude for best range 
Full Load 22,540 7.33 (maneuver) and cruise back at speed for best range (Mz.9). Hold 
Max Take off (2) 22,396 2.0 (ground) 15 minutes at the altitude and speed for maximum 


Maximum banding 22,396 2.94 (ground) endurance, Descend to sea level, Land with suffi- 


cient reserve fuel for a second approach to th 
Combat 20,000 landing field. ы 


Ferry: (2) 
After warm up, at start of ground run. y 
Warm up and take off fuel allowance - 5 minutes 
Military rated power. at normal rated power. Accelerate to climb speed 


with military power plus afterburner. Climb to al- 
Military rated power plus afterburner. titude for maximum range with military power. Cruise 
Min speed at Cj = 0.75. Weight at end of mission shown un = Qut at speed for maximum range (M-.9). Land with 10% 


der landing weight initial fuel reserve, 
At a constant gross weight equa! to 20,000 pounds. 15, The ferry range using a normal fuel load is as follows: 


MP to 50,000 feet, MP +AB at higher altitudes. Airplane Production Prototype 


i ini i i Fuel Load (Ibs) 6825 6825 
zimi by engine minimum flight speed with afterburner. 
سی‎ ы, Ferry Range (n mi) 1657 1416 


(15) With 500 oal internal missile bay tank, 
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А POWER PLANT 


pus 

4 Мо. & Model. . . . . *(1) YJ67-W-1 
Мїт............. «Wright 

à Engine Spec No... . . . AC-178-A 

+ ТҮРЕ сура ше кааза ва АЕ 
Length. ...........208,0" 
Юйатебввег...,...,... 42.5" 
Weight(dry). .......-.50001Ь 
Tail Pipe. . . .Auto, Variable Area 
Augmentation, , .. . Afterburning 


ч *First group of aircraft produced 

| will have Pratt & Whitney J57-P-7 
engines installed. YJ67-W-1 will be 
ultimate installation. 


ENGINE RATINGS 


іш (YJ61-W-1) 


S. L. Static LB - RPM - MIN 


*21,500-6175 - 5 
- il: 13,200-6175 - 30 


I1, 700-6175-Cont, 


* With afterburner operating 


Wing 
* брап............. 3T. 8! 
Шсідепсе............ 09 
Бінгіғіі;............99 
Sweepback(LE). ........ 60° 
t length... ..-.... es . 50,8! 
а Height. ............ 18,0! 


fT 


Tread, vu vore ا ا ما‎ MV. 


24 MARGH 1952 


Design initiated: . . . : tty 


(Security laforzztion) 


Navy Equivalent: None Mfr's Model; 8 

The principal mission of the. F~102A is to intercept and destroy hostile 
aircraft under all conditions of weather and visibility using guided missiles 
and rockets. It is designed to operate from ground-alert and under ground 
controlandto fulfill requirements for general, local and free-lance air de- 
fense, 


This airplane incorporates 8 delta wing and a triangular vertical tail 
surface with power operated surface controls. The landing gear is. of the 
fully retractable, tricycle type. 


The pilotS section is pressurized and provisions are made for ejection 
of the pilot, Provisions аге also made for thé pilot to enter and leave the 
airplane ‘without the use of Separate ladders or platforms, 


The radar equipment. is located in the nose section and in an electronic 
bay immediately behind thé pilot. 


The armament is located іп bays in the bottom mid-section of the 
fuselage and is extended below this section for firing. 

First group of aircraft with Pratt & Whitney J57-P-7 engines will be 
utilized as test and training aircraft, 


© = = w = ےم‎ s $9. “< ےا‎ hele 


; . < < Sep 50 
Contract: .. а ee. are | | ... Aug 51 
Моек-ир:..„...,....... we e . (esty Oct 52 
Formerly designated Conyair 1954 AWI 


First Flight (With J57-P-7 engine):..... . (est) Oct 53 


. w © 5 4 © © т. 


MISSILES 


Мо. Model 


.....2.15"....БЕАВ...Еизеаре | |6... .XF-98(Palcom. . . Fuselage 


(Security Informat ien) 


Was UNCLASSIFIED 


Location 


PRE-MOCK UP 


Ernpty........17,304(E) 
Basic.........17, 501(E) 
Безірп.......22,897,........5.33 
Combat(Point)*23, 310 

Combhat(Area) $22, 200. 

Max Т.О.... 328,500 

Мах Land, ... .+ 28, 500. 


(E) Estimated 
ж Рог Basic Mission 
T Limited by Load Factor of 2.0 


Location No, Tanks Gal, 
Wg, fwd, .....2.......440 
“рай. . . . . .4 .. .. , -.. - 610 
Fus, ах, . .. „Г... , , 500 

Total 1550 
Сбгайе,............ JP-4 
Specification . ., , . MIL-F-5624A 


OIL 


Fuselage. Ao vow 


sha WU. гел. В 


Total 6 
агаде.,........... 1010 
. Specification, . . . , . MIL-0-6081 


ELECTRONICS 


Eléctronic and Control System.... 
Hughes Aircraft Corp. 
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2220 Fuel (Gal) 


ACCESS, 
COMPARTMENT court 


| NOSE ( N 
ЯАРАЯ EQUIPMENT WHEEL V 


| | 


.. NACA 0004-55 (mody 


. <q а @ = © а у но 


460 (2) 


ШЕН Oil (Ga) 


е; | SERVICE 


А Lb 
ats Мо. & Model... . . . (1) J57-P-23 L. F. 


Мг,........ Pratt & Whitney Navy Equivalent: None Mfg. Model 8-10 8 18, 833(C) 
B Engine Spec No. ,..... A-1686 USD ELE 16062490 
| ... Axial The principal missionof the airplane is the interception and destruction re а р Е 70 
246.0 of attacking enemy aircraft and airborne missiles, having all weather and M ےب ہی‎ POT ہم‎ . 
Diameter . . 40.5" | bid ax. T. O. (normal) {27,500 
P wes day or night characteristics. Мах. Т. О. (ovorload)f31, 559 
Weight (dry) ........ 5048 1 This airplane incorporates а delta wing with в cambered leading edge Ma ; in Fit 131 559 j 
Tail Pipe .`. . Auto, Two-Position extending from wing root to wing tip, and triangular tail surface. Control Masten و‎ S 128.230. 
Augumentajion . . . . Afterburning surfaces are power operated. . LR. j 
Power brakes are provided, with auxilary braking by a fourteen foot {С) Calculated 
drogue parachute, * For Basic Mission(Pt Intercept} 
The fuel system is pressurized, air is bled from the engine compressor ** See Design Flight Conditions, page 6 
sectionand shall be used to pressurize the fuel tanks to reduce fuel evapo- T Limited by space 
ration and to provide for fucl transfer, $ Limited by Design 
The oxygen system is a high pressure gaseous system utilizing a diluter : 
demand regulator, 


ENGINE RATINGS The armament is located in bays in the bottom of the fuselage and 13 


extended below this section of the fuselage, The MG-10 aircraft and weapons 
control system provides automatic radar searching and tracking, directs 
the aircraft опа lead-collision attack and automatically fires the armament, Location No, Tanks 


| 
|. 
x 
| 
| 
Wg.Internal....4 ............ 1050 
x 


S. L, Static LB TRPM MIN Wg. Ext(aux)...2 ............ 


Max: *16, 000 - 6055/9420 - 5 


an. Grady. ... 
Mil: 10,200 - 6055/9420 - 30 Development Specification ہے‎ 


Nor: 8700 - 5790/9180 - Cont 


» With Afterburner Operating Design initiated (F-102) . . . s . Sep 50 ‘Il Епрше......1..... (tot) 5.5 
{ First figure represents RPM of low Contract Date . . : . Aug 51 Specification, . . . . . MIL-F-7808 ° 


First Flight (F- 102 A Prod. у. Jun 55 


2 i h t ` 
Pressure. spool While tho وس‎ tni Production біюніне...................... In production 


of the high pressure spool, 


: | те Туре Location | | UHF Command. . . . . AN/ARC-34 
Wing cop ... FFAR ....Fuselage | | Interphone .. AN/AIC-10 
* Span . 5 Е: PLUS Marker Beacon .... AN/ARN-12 

Incidence . . == 

Dihedral .. е ғасы” 

Sweepback(LE) ....... 6096" —....GAR-1B ...Fuselage[ JIFF ...........AN/APX-6A 
Length(Including Nose Boom). . 68,3!" or | 
Несм.,........... 18,21 ——~.... GAR-1.... Fuselage `’ Provisions for 
Tread ..... . 14, 5' ----.... GAR-2 ... Fuselage 

I : IFF. ... AN/APX-25A 
ТАСАМ......... AN/ARN-21 
236 x 2,00" rockets will be UHF -Direction Finder. ..AN/ARA-25 
carried оп aircraft AF 55-3380 
Ы & subs, 


.. САС 1.... Fuselage] | Glide Path. .....,. AN/ARN-I8 
or VHF Nav, Весуг... AN/ARN-14 


uu. | E | | F-102A 


64WC 27302. تا‎ 


ља ана 2 . ۴‏ محمد رھکس اعت -= + ج 


TAKE-OFF WEIGHT 
Fuel at 6.5 lb/ gal (grade JP4) 
Payload (Missiles) 
Payload (Rockets) 
Wingloading | 
Stall spced (power off} 
Take-off ground run at SL 
Take-Off to clear 50 ft 
Rate of climb at SL ' 
Time: SL to 40, 000 ft 
Time; SL to 50, 000 ft 
Service ceiling (100 fpm) 

COMBAT RANGE 

COMBAT RADIUS 
Average cruise speed 
Initial cruising altitude 
Final cruising altitude 
Total mission time ` 

TOTAL MISSION TIME 
Interceptlon altitude 


COMBAT WEIGHT 
Combat altitude 
Combat speed 
Combat climb 
Combat ceiling (500 fpm) 
Service ceiling (100 {раз} 
Max rate of climb at SL 
Max speed at 35, 000 ft 
Basic speed at 50, 000 ft 
LANDING WEIGHT 
Ground roll at SL 
Ground roll (auxiliary brake) 
Total from 50 ft 
Total from 50 ft (auxiliary brake) 


Maximum power 
Military power 
Detailed descriptions of RADIUS and RANGE 
missions given on page 6, 

(6) With 480 gallons of external fuel 


————M ---- — 


BASIC MISSION 
POINT INTERCEPT | ARES INTERCEPT 


21,400 21,760 
2400 2400 
1700 1700 
4300 4300 
3600 3800 


6, GAR-1 ог GAR-2 missiles 
24 z 2.00" FFAR rockets 
Includes time for take-off and 
&ccoleration to climb speed, 
6) Considers weight reduction due (|) 


AREA 
INTERCEPT 
MISSION 


21,984 
2400 
1800 
4300 
3600 


to fuel used, 


Speed at Cr,7 0,7 
14 Ft, (flat diumetor) 


drag chute 


Time to service ceiling 


FERRY RANGE 
INTERCEPT FUEL MAX FUEL 


У 29,418 (4) 
8815 (9 
Мопе 
None 
42.3 


46, 800 
610 
5220 

55,900 

47, 600 

22, 400 
690 
580 

20, 303 
2200 
1600 
4100 
3400 


PERFORMANCE BASIS; 


(а) Data source: Contractor's esti- 


mated Data, 


(5) Performance is based on powers 


shown on page 3, 


DISTANCE (1000 ft ) 


ALTITUDE ( 1000 ft } 
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Г ГИТ 
печена 


770 
[MACH‏ با با کا تا گا 
LELE H‏ 


ш a ra ern‏ ھا mri m e‏ و لھ 


АНА 
N LIN N 


Е VENAE 
st ийининин 


УАТУ LIN LIN 


a rr а 


ALTITUDE ( 1000 ft ) 


RADIUS OF TURN (1000 ft) 
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SERVICE 
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کا کا گا ер‏ 
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5000 10, 000 15, 000 20, 000 
RATE OF CLIMB-FT/MIN 


LEVEL FLIGHT} 
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SERVICE 


NO T ES 


FORMULA: POINT-INTERCEPT MISSION I 
й Take-off and accelerate to best climb with maximum power, climb to 
combat ceiling with maximum power, Combat 5 minutes at combat ceiling 
with maximum power, Loiter at 35, 000 ft, at speed for maximum endur- 
ance, Fuel allowances include 2 minutes operation at normal rated : power 
at ава level for starting engine and taxi, plus one minute at maximum power 
for take-off, 5 minutes combat at combat celling with maximum power 
(based on fuel consumption аі 50,000 ft.) and а reserve of 20 minutes 
loiter at sea level at speed for maximum endurance, 


FORMULA: AREA-INTERCEPT MISSION П AND Ш 


Take-off and accelerate to best climb speed with maximum power, 
climb to cruise ceiling with military power, cruise out at speed for best 
range at cruise ceiling, climb to combat ceiling with maximum power, 
combat 5 minutes at combat ceiling with maximum power, cruise back at 
speed for best range at cruise ceiling, Range-free allowances include 2 
minutes operation at normal rated power at sea level for starting engine 
andtaxi, plus one minute at maximum power for take-off, 5 minutes com - 
bat at combat ceiling with maximum power (based on fuel consumption at 
50,000 ft.) and a reserve of 20 minutes loiter at sea level at spoed for 
maximum endurance plus 5% of initial fuel. On Mission Ш external tanks 
are dropped before combat. 


FORMULA: RANGE MISSION IV AND V 


Take-off and accclerate tobestclimb speed with maximum power, climb 
to cruise altitude with military power, cruise st speed for maximum range 
to remote base, Range-free allowances include 5 minute operation at 
normal rated power at sea levol for starting engino and taxi, plus one 
minute at maximum power for take-off, and a reserve of 20 minutes оЦег 
st sea level at speed for maximum endurance plus 5% of initial fuel, Ex- 
ternal tanks are dropped when empty, 


GENERAL DATA: 


{а} For detailed planning refer to Technical Order 1F-!02A-1 and 
other applicable technical orders. 


REVISION BASIS: 
To reflect latest weight changes, 


The following flight conditions are taken (ran Convair Report 217-8023 " 
Surano Analysis Ceiseris for F-102A Aicxealc'" 


SUMMARY OF F-102A DESIGN FLIGHT CONDITIONS — 


Configuration 
Symaevicel 
211:1 


Сива ~ Symmetrical 
and Lateral 


50 с 1/2 Н/вес sharp edge guar 


Rudder induced 009 Radde: rapidly applied. Limited со automatic 
maneuvers 12,000 fe соелгсі anthority ст го 180 posad pedal force. 
Symmetrical 

Teate "n (mas; met Д ЕЖЕН Е ч ius 7 ۵ = LT 


External Fuel Tanke On 


Зусжесісе! 
Testo Empty Pulloat 


Рой & Expty 


Syamenicel А 
تیگ‎ gust” ^ 


Maneurer 


Araamect Extended 


Landing Geer Extended 


+ Thio weight osy be adjusted for the minimun fael required. со teach the point considered for девца. j 
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‚ КАСА 0004-65 Gnod) | 
Aspece Ratio 27 реа 32 MAGGS ....... и 285.1 ما‎ 


ای و سن 


2-2 695.1 зай Wing Section. 


26% 10 ”0 
لے لس سا 


450. (2). 


Fuel (Са?) EHE Oi! (Gal) 


— = 


= 
| 
—Й } 


‘NOSE BROOM 


| Al® SPEED. COMPARTHEN T COMPT ERE ры i 
` СЕМТЕК ELECTRONICS BAY (UPPER) 
INDICATOR 29 EN Q S ENGINE SECTION 
„| RADOME МЕ >. NOSE г `S Er . سر ند‎ _ s IF = 


کے т“ ыш‏ ااا 
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t »: 


POWER PLANT 


Ne: & Models + + 411) 1682-9-23 
Mit ae ae جو‎ ла: Prat & Whitney’ 
۸۰18۴ 
Туре... + та + Axial 
Length. 4... · 246.0 
Diameter + = ЖЕ “40.5'' 
Wei ght (dry) l i + š + S048 1b 


Tail Pipes + : ‚ Auto, ‘Two-Position 


Engine Spec No. 


р s. 
Augumentation ` ` e Afterbuming 


$. L. Static Lb 


RPM MIN 


Мах: * 16.000 -6055/9420 $ 


Mil 10,200 - 6055/942) 


3 
Nor: 8.700 - 5790/9180 ` Conr 


* With Afterburner Operating. 


Wing 
Sane... (Actual), 
Incidence . ы, cr ша 


Dihedral ааа .. ÜP 


Sweepback (LE) - 2... 0096713” 


` 


Length (Incl uling Nose Doom). (063.3 


Weight унии - .i8.2^ 


Ттеңі/........ wie 414.:5" 


ENGINE RATINGS 


)^4 ading 
Navy Equivalent: None L $^ ü Mfg. Model & 12 Бору ...... AM 
| Basic он сся 
Design; 2..... 26,809 - i 
The primary виа той of this airplane 15 the training of pilois,under all weather cóa- Combat. ..--. .) 26,575. i. 
dirions and visibility, for die USAF Model F-102 Interceptor Fighter. Мах. ҒА).(Хопла). .*29,395. | 


Max. T.Oz(Overload) 132,539.. | š 
This airplane incorporates а delta wing with a cambered leading edge: extending i 
from wing root W wing tip, and triangular tail surface. Сола surfaces are power 


Я or 
operated. ovk (E) Estimated iu 
Ж * Гог Basie Mission (Poing Intercept} 
Power brakes are provided, with auxikiry briking by a fourteen foci drogue para 7 کے ا کک‎ MAT) asas مرک‎ ASS jai 
Wat V : “есе Design Flight Candiuons, page 6 
chute, 3 


thimited by Design 


The fuel system is pressurized, air is bled fram the engine compressor section. and 
shall be used to pressurize the fuel tanks to reduce fuel evaporirien and to provide 
I ~ : m 
for fuel transfer. 


The pilot's sectionis pressurized and provisions arc made for ejection. of the pilot, 


Location 


The armament is located іп bays in the bottom of the fuselage and is extended مرا‎ 
tow this. section far firing. Operation of armament is cher manual ог by radar. ‘The 
pilor pre-selectsthe number of either missiles or rackets to be fired. [n the radar mode 
‘of operation tie radar system automatically. compures and fires the armament for opri- 
m resulis. Type of fire contol system is MG-9. d 


air 


Contract Date ۃ٤‎ 


Vg. lnternal. а. 1080 
Wg. Ext (nux) : 42... 1003 
Tatal 15.10 


Grade . . . қалат ۳-١ 


Specification . MIL- F-56244 


LM Engine. - + + + سے .4 .۔‎ . бо) $4 


Mock-Up Date. ‚„„,.,.....;.......1...... + < берг 54 


ТЕГ 


Риз ОТОО е РМА 521A. 


Location 


NONE Кы; FFAR tusclage ОНЕ Command. . | eO ANZ ARC- 34 
BLUS Шы „Уат 5. . ANA ۸۱۰0 

Marker Beacon. ; + ANIAR 

GARHI Fuselage Glide Poth , .. : Q0. - ANS ARN: IB 

УНЕ Хау. Recv'r. - : + ANY AKN- 14 
ІЕЕ....... | - ЗАМААР ХАЛ 


or 
GAR- 1H Fuselage 


or ° Provisions for i 
GAR-1 Fuselage ب7‎ w. . ANZ АР N- 25A 
GAR- HY Fuselage +» ANZARN: 2:1 


UNF-Direction Finder. ++ (ANZARA- 25 


NONE 


- Y NOVEABER 1954 
ІЛ мак SY 


Alternate Provisions 
2.09 | 
š FFAR Fuselage: 


— — ee ہے لس‎ -.=— re 


BASIC. MISSION 


FERRY RANGE" 


POINT INTERCEPT | AREA INTERCE INTERNAL FUEL] TOTAL FUEL 
ІП „Ау. | 
TAKE-OFF 77 (1b) 29,395 29,3% 27,988 р ' 
Fuel at 6.5 Ib/gal (Grade JP-4) (1b) 6325 6825 6825 
Military toad (Missiles) (Ib) Б R)I None ; 
Ж Military: load (Rockets) (15) 432 432 None 
Wing loading (IbZsq fo 42.4 42.4 40.3 1 
Minimum speed (power off) (En) 129 129 126 | 
Take-off greuad run (Г) 2480 2480 2240. 
Take-off to clear 50 Пі. (fO 3610 3610 5300 ' 
Rare of climb at SL ([t/inin) 15,980 6020 (2) 6440 (2) 
Vime: SL to 40,000 ft. (min) 5.2 16.5 (2) 13.10) , 
Time: SL to service ceiling (шіп) 20.4 (2) 19.4 (2 r 
Service ceiling (100 Пиш) £ft) 40,600 (2) 41,600 (2) 
COMBAT RANGE (nami. -- j 820 " 
COMBAT RADIUS (n. mi.) 300 Е | 
Average speed (En) 475 475 
initial cruising álritude (o 37,50у 38.500 
Final ceutsing aliitude. (С) 40,400 41,500. 
Total mission rime (hr). ] . ۶7 
TOTAL, MISSION TIME (he) 
Interception alrinude (£0. Н 
COMBAT WEIGHT (I5) 26,575 22,358 
Combat altitude (fs) 47,000 41,500 
| Combat speed (Т) (kn) 534 566 
Combat ctimly (1) (ft/min) 500 4350 
‘Combat ceiling (500 ft/min) (Т, (fi) 47,000 49,700 — | 
Service ceiling (100 (t/min) | (fr) 47,700 ; 50,500 (2) 
Maximum rate of elimb at 3L. (T) (ft/min) 17.300 17,650 20,100: | 
Maximum крес at ‘SL (T) (kn). 615 615 615. р 
Шізіс speed at 40,000 fr (D (kn) 568 568 570 
| LANDING WEIGHT (lb) 23,435 23,815 22,338 
| Ground rol! at SL (D) 2600 2450 
f Ground roll (auxiliary brake) a9 (fà 1910 1790 
Total, from 50 а (ге) 4640 4440 
| ога! from 59 fr. (auxiliary brake) (9 qo - 2890 3680 
1 
Мах power (4) See note General Date page 6 (®) Considers weight reduction die کے‎ Bak 
ОС: Militare power ںہ‎ U U سس سس‎ (5) f САҚАН or. GALE Missiles "faclum — یت‎ == 
— (S Dewiled description of Radius (бу 24 - 2.75" FFAR rockers © Speed nt C4, 0,25 (а) Duis Source: Esdmotel Баш 
and Hünge missions nre given (7) includes (ime for take-off ind (9 14 fe (flat dia цер те { №) Performance is based on А 
дп page. û acceleration to clinib speed Ls ا‎ мы ыы powers shown on page 1 i 
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ALTITUDE ( 1000 ft ) 
& 


MACH NUMBER; 
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TF-102A 


FORMULA: POL 


Take-off and accelerate (o best. climb: speed with maximum power, climb то com. 
bat ceiling with maximum power. Combat 5 minutes at combar ceiling with maximum 
power. Loiter at, 35,000 ft, ас speed for maximum endurance. Fuel allowances include 
2 minutes operation а normal rated power at. sea level for starting engine and гахі, plus 
one minute at maximum power for take-off, 5 minutes combat at combat ceiling with, max- 


imum power and a reseive of 20 minutes loiter at sea level at speed for maximum em- 
durànce. 


FORMULA: AREA-INTERCEPT MISSION H 


l'ake-off and accelerate то best climb speed жив maximum power, climb to 
cruise ceiling. with military power, cruise our ars i forabestieramge at cruise 
ceiling, climb io combat ceiling with maximumfower, combat 5 minutes at combat 
ceiling with maximum power, cruise back at at cruise ceiling 
Range-(ree allowances include 2 minutes operation at normal rated power ar sea 


level for starting engine and taxi, plus one minute at maximum power: for take- 


eff, 5 minutes combat ar combat ceiling with maximum poser: 


P 


5% 


maximum endurance plus 5 % of initial fuel, 


Мб (кб جح‎ SHEEP 


and а reserve of 20 minutes loiter at sea level at speed far 


N O T E S 


FORMULA: RANGE MISSION II ANÊ IV, ос RAMEE SPEED 


Такеда Е and accelerate to best climb Speed with maximum power; climb to 
cruise” Е with military power, cruise at 


take-off and а reserve of 20 minutes loiter ar sea level at speed for maximum en- 


durance plus 5% of initial fuel. 


GENERAL DATA 


19 


айва is obtained by the addition of two pylon-mounted extemal 
wing ranks of 225-ра|. capacity each (Standard USAF tanks, AF drawing X53 
19555). -Gombar missian-perfonandé-and- ferry-ramge-tocAhis—conditiotesállcbe 


PERFORMANCE DATA Í 


То beNdrnished at a later date. 
REVISION BAS 


Gonfiguration change for performance improvement. 
ODE 


ten 


The following flight conditions are taken from. Convair Report ZU-B-027 "Stress Analysis Criteria for ҒЕ-102А Aircraft.” 


Sym. Load 


Configuration Maneuver Factor "в" 


Clean.Airplane Svmmeuical 


Pullout 


Gust - Symmetrical 
& Lateral 


Rolling pullout 


Rudder induced 
mancuvers 


External Fuel Tanks On 
Tanks full (mux. take-off. we)" 


Symmetrical pullout -1.0 то *3.0 


Tanks empir Symmetrical pullout -3.0 to. +5.33 
Srmmerical & 


Full &.empiy | Lateral. gust 


Symmetrical 


1.0 to + 3.0 
Maneuver E 


Armament Extended 


Rudder induced 
Maneus cr 


' This weight may be adjusted for the minimum fuel required to reach the point considered for design. 


Min. Design 


Sea level 


SUMMARY OF DESIGN FLIGHT CONDITIONS 


Design Speed 
Altitude, I 


Sea level Cu = 9.75 to YL 


12,000 it. Сі = 0.75 ©, 


с V? sec sharp edge gust 


Fuli avatable aleron 


Rudder rapidly applied, Limited to 
0+073 ۲۱۷" contiol authority or co 
edal force, 


12,000. fi. 


12,000 £1. 


O to Cruise speed - 72 tifsee sharp edge gusts. 
Tanks on М 


Sea level 


Мах. nvaitable with 180 pound 
édal force 


12,000 ft. 
0 to 270 kts 


Seu level 


0 10-270 kes Full redder rapidly applied 


беен io remore 
base. Range-ftee allowances include 5 minutes operation аг normal rated power 
at sea level for starting engine and taxi, plus one minute at maximum power for 
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PROFILE VIEW . FORWARD ROCKET 
PACKAGE INSTALL A TION 
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f 
№. & Model. .4. . . . (1) J87-P-23 
Mfr......... Pratt & Whitney" 
Engine Spec No. в 
Type ....7. . 
Length ..... 
Diameter , , .. Я 


A-1686 
Axial 
246.0 
40,5" 

Weight (dry) ........ 5048 ib 

Tail Pipe .'. . Auto, Two-Position 

Augumentafion . . . . Afterburning 


ENGINE RATINGS 


LB ТЕРМ MIN 


S. L. Static 


*16,000 - 6055/9420 - 5 


Max: 


Mil: 10, 200 - 6055/9420 - 30 


8700 - 5790/9180 - Cont 


Nor: 


ж With Afterburner Operating 
{ First figure represents RPM of low 
pressure spool while the second that 
of the high pressure spool. 


` DIMENSIONS 


Wing 


Span ............ 88,1' 
Incidence ............ 09 
Dihedral ............ 09 
Sweepback(LE) ....... 6096! 
Length(Including Nose Boom). . 68, 3'" 
Height... . . ........ 18.2! 
. . 14.5! 


Tread ........... 


- ہے سے ےہ ہے ہج ec‏ 


Navy Equivalent: None Mig. Model 8-10 


The principal mission of the airplane is the interception and destruction 
of attacking enemy aircraft and airborne missiles, having all weather and 
day or niglit characteristics. 

This airplane incorporates a delta wing with a cambered leading edge 
extending from wing root to wing tip, and triangular tail surface. Control 
Surfaces are power operated, d 

Power brakes are provided, with auxilary braking by а fourteen foot 
drogue parachute, | | 

The fuel syslem is pressurized, air is bled from the engine compressor 
section and shal! be used 10. pressurize the fuel tanks to reduce fuel evapo- 
ration and to provide for, fuel transfer. А 

The oxygensystem is a high pressure gaseous system utilizing a diluter 
demand regulator, 

The armament is located in bays in the bottom of the fuselage and is 
extended below this. section of the fuselage, The MG-10 aircraft and weapons 
control system’ provides automatic radar searching and tracking, directs 
the aircraft on a lead-collision attack and automatically fires the armament. 


Development 


Design Initiated (Ғ-102)....................... бер50. 
Contract Date. 9۶.4 
First Flight (F-10323 A Ргод.)................. Jun 55 
Production Status , . ...................., Та production 


Size Type Location 
24*...2.00" ... FFAR ....Fuselage 
PLUS 
6... — ....GAT: 1.... Fuselage 
or 
| 6... ---....САК-ІВ ...Fuselage 
сом S . oF 
3...----....САВ-1.... Fuselage 
3... —.... GAR-2.... Fuselage 


*36 x 2. 00" rockets will be 
carried on aircraft АЕ 55-3380 
& subs; 


SERVIGE 


EIGHTS 


Lb L. Е. 
Empty ....... 18,833(С) 
Basic ....... 18, 932{С) 
Design ...... 225,500 
Combat... .. , , *24,867. . **7.0 


Max. T. O. (normal) 121,500. 

Max. Т.О. (оуегіоай 31,559." . 2.0 
Max. in Flt .. , . 121,559, . . 3.0. 
Max Land . . . . . 128,230, 2.0 


(C) Calculated 
* For Basic Mission(Pt Intercept) 
** See Design Flight Conditions, page. 
t Limited by space 

$ Limited by Design 


Location Мо. Tanks " Gal 

Wg.internal....4 .,.....,.,.,.. 1050 

Wg. ЕхЦавх)...2 ............ 460 
Total 1510 


сгәде,.........;. . JP-4 
Specification. . . . . MIL- F-56244 


OIL. 


Engine. . . , . .1. . . . . (tot) 5.5 
Specification. . . . . . MIL-F-7808 


ELECTRONICS 


ОНЕ Command. . . . . AN/ARC-34 
Interphone ....... AN/AIC-10 
Marker Beacon .... AN/ARN-12 
Glide Path. ...... AN/ARN-18 
VHF Nav, Recv'r. . . AN/ARN-14 
IPF ...........AÀAN/APX-6A 


'* Provisions for 


TACAN. 


2...... AN/APX-25A 
1-.4..... AN/ARN-21 
UHF-Direction Finder ..AN/ARA-25 
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CROSS SECTION INSTALLATION (GAR) 


g4WC 27802-F 


E Е- ! O2A 


4 
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S.L. Static LB *RPM 


* With Afterburner Operating 


sure spool. 


Ting 
i Span. 
Incidence 
Dihedral . . . . . .. 
Sweepback (ІҺЕ)...... 
Length (Including Nose Doom) 


Height. موم‎ 


POWER PLANT 


No. & Мәде!..............(1) )57-Р-23А 
МЕ.................. Pratt & Vhimey 
Engine Spec. Мо.............. ۸۰16867 
Туре....................... Axial 
Length. .... eee erae eee о 248.0 in. 
Пізшесег.................... 40.2 in. 
Weight (Фу).................. 5045 Ib 
Tail Ріре............Ашо, Two-Position 


Augmentation ............. Afterbuming 


ENGINE RATINGS 


MIN 


Мат:. * 16,000 - 6100/9800 - 5 
Mil: 10,200 - 6100/9800 - 30 
‘Nor: ` 8,700 - 5780/9550 -.Cont 


1 First Bigure represents RPM of low pressure 
spool while the second that of rhe high pres 


jo 


Navy Equivalent: None 


ing enemy aircraft and airborne missiles, having all weather and day or night charac- 
tefistics. 


from wing root to wing tip, and triangular tail surface. Control surfaces are power 
operated. 


chutc. " 


sure regulator. š 


automatic radar searching and tracking, directs the aircraft on a lead-collision attack 
vith the steering being performed automatically or manually at the option of the pilot, 
and automatically prepares and fires the aircraft's armament. 


Classification Changed to: or 


Ssified Бу: 


Loading Lb: 
Empty , w... .... пз 19,350 (A) 
Вавіс.......... 19,530 (A) 
Design ..........25,500 
Combat... ..... .*25,26? 
Мах. Т.О. (normal) . *28,044 
Мах. Т.О. (overload) 31,170 
Мах. in ҒІ....... 31,170 
Мах. Land....... 128,230 


(А) Actual 


Mfg. Model 8-10 


The principal mission of the airplane is the interception and destruction of attack- 


This airplane incorporates a delta wing with а cambered leading edge extending 


Power brakes are provided, with auxiliary braking by a fourteen foot drogue рага- 


For Basic Mission (Pt Intercept) 
** See Design Flight Conditions, Page 6 


The oxygen system used is a high pressure gaseous system utilizing a pres- 
Limited by Design 


The fuel sustem is pressurized, air is bled from the engine compressor section and 


shall be used to pressurize the fuel tanks to reduce fuel evaporation and to provide 
for fuel transfer. 


The pilot’s section is pressurized and provisions are made for ejection of the pilot. 


TheMG-10 aircraft and weapons control system is utilized. "This system provides 


Location No. Tanks Gal 


Wg. Intemal. . .. . . Pas 1050 
Wg. Ext (auz)*; . . . . 2460. 

Total 1510 
бтайе................ JPA 
Specificadon. . . ~- -.. - - + MIL-F-5624A 
Emergency Substitution. . АУ Gas МП-Е-5572 

OIL 
1 


ЕБарас.......1...... (000) 5.5 


The data presented herein represents F-102A tactical aircraft. 


Design Initiated (Case ХХ #їпд)}).............................. Мау 56 
Contact Date ы ааа رہ‎ кела سا‎ гола ааа eee ace FOB 96 
First Flight (Case XX Wing) ................................ Мау 57 


Production Completion .............................. Specification ......... + MIL-L-7808 


Grade ........ + Penola Turbo Oil گا‎ 
*See General Data, Page 6 | 


ELECTRONICS 


Type Location 


ОНЕ Command, ,...........АМ/АКС-34 
Interphone. . . -.. AN/AIC - 10 
УНЕ Nav. Rect. ........2.. AN/ARN 214 
IFF................. ... АМУАРХ-бА 
Glide Path & Localizer.......AN/ARN - 31 
Radio Receiving Ser... ...... AN/ARN - 32 


FEAR Fuselage 


PLUS 


GAR-ID Fuselape 


or 


GAR-2 Fuselage 


Provisions for 
ЕЕ.................. AN/APX - 25A 
ӨНЕ Direction Finder ,...... AN/ARA - 25 
UNF Naviga rion- AN/ARN.-.21. . ------І-- 


3 - GAR-1D 
3 = .GAR=2__.__ Fuselage 1. 


Fuselage 


SLAMA Date 12-12 
KELLY AFB ТЕХ 


Dent 


F-102A 


10 DEC 57 


FIED 


Date 12-18-66 


Date 
-1  4-4-67 


CASE 


ХХ CAMBERED WING 


CONVAIR 


SERVICE 


ONE J-57-P 223A 
PRATT & WHITNEY 


ПО FA 
(АЕ Но. 561317 through 1518) 


SERVIGE 


Тір Агеа.................. wee à за NACA 0004-65 (mod) 


Aspect Ratio ......... ENSE ST دوہ‎ f МАСА: va алалса уа "Pr PPM 285.1 [n. 


EZZA Fuel(Gal) EN Oil (Gal) 


NOSE еи PILOTS | ACCESS. É EC 
AIR SPEE _ COMPARTMENT میرح‎ CENTER ELECTRONICS BAY (UPPER) >|. š HINT . 
INDICATOR. | RADOME MG-3 . NOSE A COME. If ; ENGINE 70 
1-і--|---------1---:5::::5::::< &p AR-EQUI PMENT- НН А ڪر‎ s "= s و چد‎ алаан 
| WELL T ARMAMENT SECTION س“‎ | 


۴2۸ 


ЗА | | š | | ` 10 DEC 
(АЕ Мо. 56-1317 through 1518) k — m s mi 


El 


No,&Model.............. (1) 1572-23А 
МЕ.................. Pratt & Whimey 
Engine Spec, Мо...........ұ.. А-1686Е 
Туре........:............... Axial 
Тейри 248.0 
Пїашетег...,,,,,...,. «ав а «а.» 40.2 
Weight (4у)..................50451Б 
Tail Ріре............Ашію; Two-Position 
Ачдшепгайоп....,,,,,,.,, Afterburning 


ENGINE RATINGS 


S.L. Static LB ҒЕРМ MIN 


Max: * 16,000 - 6100/9800 - 5 
I 10,200 - 6100/9800 - 30 
8,700 - 5780/9550 -:Cont 


* With Afterbumer Operating 


t First figure. represents RPM of low ,ressure 
spool while. Ше second that of фе high pres 
sure spool, 


DIMENSIONS 


Wing 
Span. . . . . (Actual) 
Incidence . . wees 
Dihedràl . a 1 . سے‎ 
Sweepback (LE). - . ہار‎ 
Length (Including Nose Воот) 
Height. 4... ۳0 


Tread , ¿< az se ao os rn n 


10 DEC 57 


Navy Equivalent: None Mfg. Model 8-10 
The principal mission of the airplane is the interceprion and destruction. of attack- 


ing enemy aircraft and airborne missiles, having all weather and day ot night сБагас- 
teristics: 


This airplane incorporates adelta wing wich a cambered leading edge extending 


from wing root to wing tip, and triangular rail surface. Control surfaces are power 
operated, 


Power brakes are provided, with auxiliary braking bya fouttéen foot drogue para- 
chute.. 


The oxygen system used is a high pressure gaseous. system utilizing a diluter 
demand regulator. 


The fuel sustem is pressurized, ait is bled from the engine compressor section and 
shall be used to pressurize the іне! tanks to reduce fuel evaporation and to provide 
for fuel transfer. 


The pilot's section is pressurized ánd provisions аге. made for ejection of the pilot. 


automatié radar searching and'tracking, directs the aircraft on a lead-collision attack 
with the stéering being performed automatically or manually at the option of the pilot, 


and automatically prepares and fires the aircraft s armament. 


The data presented herein represents. F-102A aircraft. embraced by serial numbers 
AF-56-1317 through АЕ-56-1518. The configuration change set forth in these charts 
consists of a change іп wing camber and increased area in vertical tail. 


Design Initiated (Case XX Жіпҙ),.............................Мау56 
Contract Паге u کر وھ و ہو‎ ЫЕ быж a от ее Feb. 56 
First Flight (Case ХХ Wing)... لبون‎ . May 57 


Production бтайив................., eee ce eee لبلب‎ In Production 


Type Lecation 


FFAR Fuselage 


PLUS. 


GAR-1D Fuselage 


or 


GAR-2 Fuselage 


or 


GAR-ID Гизе! age 
GAR-2 Fuselage 


SERVICE 


Loading. 

Empty .,......... 19,283 (С) 
Вавіс.......... 19,438 (C) 
Пезірд..........25,500 
Combats asas as s. 425,243. 
Max. Т.О. (normal). 427,950 
Max. Т.О. (overload) 31,559. 
Мах. in Flt, s. 24.» 131,559 a 
Мах. Land... .. 2. «$28,230. 


(С) Calculated 
For Basic Mission (Pt Intercept) 
See Design Flight Conditions, Page 6 
Limited by Space 
Limited, by. Design 


Location. 


Wg. Internal. 


хр. Exr(àux). 


‘Total 1516 
бтайе......--........ JP- 
Speċification. , . . ..- . + - MIL-F-5624 
Emergency Substitution ‚ » Ау Gas МП. F-5572 


OIL 


Engine. . . . . . .1. .. . . . (tot) 5.5 


Specification . . + = s= + + + .MIL-L-7808 


Grade 2...: .* -Penola Turbo ОП 15 


ELECTRONICS 


ИНЕ Сошпапб............ AN/ARC - 34 
Штесрһопе................ AN/AIC - 10 
Marke: Beacon , ..........."АМ/АҢЫ - 12 
Glide РаШ............. **AN/ARN~ 18 
VHF Маў. Кест.......... **AN/ARN = 14 
ІЕЕ,.................. AN/APX - 6A 
ӘНЕ Navigation. а наели: t AN/ARN - 21 
Glide Рай & Localizer..... + AN/ARN - 31 


Radio Receiving Set .......: AN/ARN - 32 


* АЕ Ко. 56-1317 thraugh 56-1331 
** AF No, 56-1217 through 56-1358 
AF No. 201159 7 کے‎ 
AF No, 56-1394. through 5 
+ АЕ №. 56-1359 through 56-1368. & 56-1393 E 
: AF No. 56-1332 through 56-1518, In place of 
Provisions for AN; ARN-12 


ІЕЕ.................. AN/APX - 25A 
UHF Diseerioa Finger ВЕТ AN/ARA + 25 
UHF Navigation AN/ ARN-21. AF Мо. 56-1317 


through 56-1358, AF No.. 56-1369 throw gh-56- 


+ 


г, 


„1392, АЕ Хо. : 56-1394 trough 56-1518 


Е-102А 
(АҒ No:.56-1317 through 1518) 


SERVICE. 


f fe 
оаа я“ 2 49 


CONDITIONS 


TAKE-OFF WEIGHT (1b) 
Fuel а: 6.5 Ib/gal (grade }Р-4) (1b) 
Military Load (Missiles) (Ib) 
Military Load (Rockets) (1b) 
Wing-Loading (Ib/sq ft) 
Minimum Speed (Power off) (Ко) 
Take-off Ground Run (ft) 
Take-off To Clear 50 ft. (ft) 
Rate of Climb at S.L. (ft/min) 
Time: , S.L. to 40,000 ft. (min) 
Time: S.L, to. 50,000 ft. (min) 
Service Ceiling (100 ft/min) (fü 

COMBAT RANGE (n.mi) 

COMBAT RADIUS . (n.mi) 
Average Cruise Speed (kn) 
Initial Cruising Altitude (9 
Final Cruising Altitude (ft) 
Total Mission Time (hr) 


TOTAL MISSION TIME (hr) 
Interception Altitude (ft) 


се ею COO 60 


0 


COMBAT WEIGHT ! (Ib) 
Combat Altitude (ғо 
Combat Speed (kn) 
Combat. Climb (Еу min) 
Combat Ceiling (500 ft/min) (Ft) 
Service Ceiling (100 ft/min) (н) 
Maximum Rate of Climb at S.L. (ft/min) 
Maximum Speed at 35,000 ft, (kn) 
Basic Speed ac 50,000 ft. (kn) 


‘LANDING WEIGHT (ib) 
Ground Roll at S.L. (ft) 
Ground Roll (Auxiliary Brake) (fo 
Total from 50 ft. (60) 
Total from 50 ft. (Auxiliary Brake) (ft) 


lix. poser @ See general data page 6 (8) Considers weight reduction due to fuel used 
-“МІНшуротег------------ € —(-GAR-A-end/or-GAR-EG-mi ssi e2—  (9)— Speed-at-G«-0:70 
Detailed description of radius لی‎ 24-2.75 in. FFAR rockers (b) Performance is based on powers 
shown on page 12. 


and range missions. are given (7) Includes time for take-off g 14.5 ft (flar diameter) drag chute and speed brakes 
( 


on page 6 and acceleration to climb speed Time to service ceiling 
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: КОРА 
00 Ы КИН E E 
7 ۱ ОНТ REDUCTION CONSIDERED š 
| ‘WEIGHT -| | 
ЕЕЕ HH" 177.950 POUNDS ж мА МЫМ POWER. T/C: IS. FROM 
ИЮШИШШ 777. 0 eee - ٤ 
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سے سے سے سے‎ ТЕЦ 
АЕ HH 


DISTANCE (1000 ft ) 
ALTITUDE ( 1000 ft ) 


2٤ 


Е 


COMBAT WEIGHT - 25,243 POUNDS 
LEVEL FLIGHT 
MAXIMUM POWER. 
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یں 
мл‏ 
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ALTITUDE ( 1000 ft ) 
RADIUS OF TURN (1000 ft) 
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MACH NUMBER 


10 DEC 57 


ЭЭЭЭ 
(AF No. 56-1317 through 1518) x 


МО Т E 

FORMULA:  POINT-INTERCEPT MISSION 1 5 | 

Take off and accelerate to best climb speed with maximum power, climb to combat سن‎ акы адне а. ا‎ pid for takeoff, 5 minutes combat at combat ceiling with 
ceiling with maximum power. Combat 5 minutes at combat ceiling with maximum power. SE мей Ier] pex 4 че ھا‎ даң at 50,000 ft) ала а reserve of 20 minutes Ioi- 
Loiter at 35,000 ft at speed for maximum endurance. Fuel allowances include 2 minutes vel at speed Гог maximum endurance plus 5% of initial fuel. 
operation at normal rated power at sea level for starting engine and taxi; plus one minute FORMULA: RANGE MISSION ІН 
at maximum power for takeoff, 5. minutes combar at combar ceiling with maximum power Take off and accelerate to best climb specu with maximum power, climb to cruise 
(based on fuel consumption at 50,000 ft) and a reserve of 20 minutes loiter-at sea level altitude with military power, cruise at speed for maximum range to remote base. Range- 
at speed for maximum endurance. free allowances include 5 minutes operation at normal rated power at sea level for start- 

M inp engine and taxi, plus one minute at maximum power for takeoff, and a reserve of 20 

FORMULA: AREA-INTERCEPT MISSION Ш еы loiter at Enn level at speed for ба ци endurance plus 5% of initial fuel, 

Take off and accelerate. to best climb speed with maximum power, climb to cruise 


ceiling with military power, cruise out at speed for best range at cruise ceiling, climb to GENERAL DATA 

combat ceiling with maximum power, combat 5 minutes at combat ceiling with maximum Maximum fuel is obtained by the addition of two pylon-mounted external wing tanks 
power, cruise back ак speed for best range at cruise ceiling. Range-free allowances in- of 230 gal. capacity each (Standard USAF tanks, AF Drawing X53 |9555). Combat mission 
clude 2 minutes operation at normal rated power at sea level for starting engine and taxi, performance and: ferry range for this condition will be published when the data is available. 


The following flight conditions are taken from Convair Report ZU-8-023 "Stress Analysis Criteria for Е-102А Aircraft" 
SUMMARY OF F-102A DESIGN FLIGHT CONDITIONS 


Configuration : Design Speed Range Restriction Imposed in Design DET 


Clean Airplane Symmetrical -310+7 Cy = 0.75 to Vi. -1.7g below 12,000 ft and above Ус = 480 kts 
pullout i 
Gusts - Lateral. Отоу Below 5000 fr 0 to 600 knots 50/а \/2Н/вес sharp edge gust 


and symmetrical 


Rolling pullout Сі = 0.75 to Vy 5.09 of aileron below 20,000 ft and above Ус =450kts.| Full available aileron in the unrestricted 
Rolls are réstricted to positive quadrant and rapid fepions 
application of aileron and uncoordinated maneuvers 


are prohibited, 5, =3 1/2? in restricted region and 59 
elsewhere 
270 kts to. Vj. Rudder rapidly applied; Limited to autómatic 
control authority or 180 pounds pedal force: 


Rudder induced 
maneuvers: 


External Fuel Tanks On | Symmetrical - 1 to 3.0 C, - 0.75 го M= 0.95 
Tanks full (max. pullout ог У; = 450 kts 
takeoff weight) Rolling pullout | O to + 2.33. Сі = 0.75 to М=0.95 Full атаЦаБ е aileron with gear down 


or Vi = 450 kts 


Rudder induced. | 1.0 Cp = 0.75 to M~0.95 No abrupt rudder deflection 
maneuver. or У; = 450 kts 


Tanks empty (full | Symmeuical. -2.7 to + 5.53. |Су «0.75 to M» 0.95 
internal fuel) pullout or V; = 450 kts 


Rolling pullout |0 to3.9 Cy = 0.75 to М-0.95 Full available aileron 
ot У; = 450 kis 


Rudder induced Cy = 0.75 to М 0.95 Rudder rapidly applied. Limited to automatic. 
maneuver ог V; = 450 kts control authority or 180 pounds pedal force 


Tanks full or Lateral and sym- O to M = 0.89 50/о 1/2 ft/sec sharp edge gust 
metrical. gusts. or У; = 450 kes 


Symmettical -lw+3 


Steady sideslip Ср = 0.75 co Vi. Rudder pedal force limited to 100 pounds inthe ге- No abrupt rudder. Limited to 180 pounds 
gion. below 12,000 ft and above Ус = 480 kts pedal force in the unrestricted region 


Ridder induced Ото 270 kts Rapidly applied rudder. Limited то 300 
maneuver pounds pedal. force 


* This revision makes the minimum design altitide. sea-level for ali conditions. 
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4193 зролзагу برق رہہ‎ резорпозиоз 


4: 


AINLIHM $ 3 


£Zd-ZS-f ЗМО 


X 
+ 
E 

р 


р PILOTS ` 
COMPAR TM EN 


-RADAR EQUIPMENT. WHEEL "up 


T 


T COMPT 


| [owe ٦ 


| ACCESS.|- 


= 7 


| Wing Атев: таежных. Балаша 7 695 


Aspect Ratio .... مز یع‎ 


00 аба а а 
a ' . 


+ 


1 
Pressurized Area 


ZA guel(Ga) + - 


-— = =. : 
тіле 2 k 


CENTER:ELECTRONICS BAY (UPPER) 


yu 


ARMAMENT SECTION, 


21-84 fe 


“2 


МАС. „у میں‎ ee 


~ 


ЕТ 


a* e e t 5 "P 285. 1 df, ' 


No. & Model... (1). J57-P-23 
Міг ыы Ет erra Paw 
A-1686 
Туге........ Е : . Axial 
Length. ات‎ . 250" 


Engine Ѕрес Мо... 


Diameter. . { . 40.5" 
Weight (Фу)...-............ 50481b 
Tail Pipe .... |.» Auto, Two-Position 


Augmentation 


ŠL. ا‎ LB RPM MIN 


Max: *16,000 - 6055/9420 - 5 
Mil: 10,200 -6055/9420 - 30 
‘Nor: 8,700 -'5790/9180 ~ Gone 


‘Wich Afterburner Operating 


DIMENSIONS 


Ving 

Spun se see ee ve (Acad) 

Incidence .... 

Dihedral .................. 0% 

Sweepbück (І.ЕҺ:....... MOGI?" 
Length. . (including Nese Boom) | 68:3’ 
Нсіңн.................;, 18,2" 


Feat 


| NOVEMBER 1954 


2... Afterburning 


The principal mission of this airplane is the interception and destruction of arinek- 


ing enemy aircraft and. aicborhe missiles which fall, within the. performance capabilities 
of the aircraft, Из armament and the á&sociated Glectronics equipment under all condi“ 
tions of weather and visibility and to fulfill the requirements for general, local, and free 
lunce defense operations for aircraft of this type. 


This airplane incorporates а delta wing and triangular vertical tail surface: with power 
operared. surface controls. The landing. gear is of the fully retractable, tricycle type. 
Auxiliary braking. is provided by a fourteen foot drag chute. 


Тһе pilots section is pressurized and provisions are madé fot ejecrión of the pilot. 


The. radar equipment is located in the. nose section, іп à center clectronic bay 
above the forward end of the armameni ‘bays, and in an electronic. equipment 
compartment aft of the armament bays. 


Thé armament ts located. иг bays in the bottom mid-section of the fuselage and is ex- 


ténded, below this section for firing. 


Design іпйішей......24.....................а... ee каз 


Sept 50 


Contract Date ........................................а... Аав 51 


First Flight ..........................»............. fest) Мау 55 


Location 


— dne T rS 60۸ тт ات نات‎ пре--4-- 


(а «(With Missiles) 
Alternate Provisions 
9%.... 2:75”... FRAR vs eo Fuselage 
(Vithout Missiles) 


No. Modeli Location 


6......».. САҚ-1.........БҒизеішге 
or 

6........- GAR-IB. وو وس‎ 
ог 


3.,.......ОСАВЮВ-1........,Жизеідде 
3........ ОРАК ШЕ .......Fuselage 


Loading LB 
Empty... нета 19,54 ЦС) 
Basic sca os яз s LANC) 
Design ......... 25,500 
Comhar :..:... "25,485. 
Мах. T.O. (Normal). *28,145 
Мах TOU. ...... 910,559. 
Max in Flt .-... ۲31,559 
Мая Land «:.... 731,559 .. 


(C) Calculated. 

*For Basic Mission (Point Intercept). 
**See Design Flicht Conditions, page 6 
tLimited by Desiga 


Location No. Tanks Gal. 


Wy. Іпгетеі........4......... 1050 


Vg, ext (ара) ارب‎ 2.........450. 
"Гога! 1500 
Grade пеня я и за оа + ]Р-4 
Specification: ТЕ MIL-F-5624A 
*Space: anid stniciural provi sions:on!y for 
ext aux wing tanks. 


OIL 


Ce э .. nnn 


Епдїйс.... (tor) 5.5 
Specification ........... MIL.-L-7808 


ELECTRONICS 


VHF Command 


taterphone کت‎ 


AN/ARC-34 
AN/AIC-10 
AN/ARN-12. 
AN/ARN- 18 
AN/ARN-14 
ІЕЕ.................. АМ/АВХ-6А 
MG - 3 


Marker Beacon : . 
Glide Slope: i 
YHE Navigation. of ae, ÊÊ 


Fire. Control бушет”........ 
Provisions For: 
ЕЕ.................-АМ/АРХ-25А 
ANZARN-71 
AN/ARA-25 


OMNI - DME, $ 9 x» » 3 9 k... 9 on 
UHF.DFG 2........... 


TF re n جس س س‎ ьа 


в = 
TR SERVICE 
" 
FERRY RANGE. 
COraL FUEL 
tv 
; ‘TAKE-OFF ۴ (1b) 28,145: 
Fuel at 6.5 lb/ gal {grade 12-4) (Ib) 6835 
Military toad (Missiles) (5) аһ 801 
| Military load (Rockets) B | (tb) 432 
| Wing loading — , QW sq fo 40.5. 
| Minimum speed (power off) (9 (kn) 127 
| Take-off ground run D (ft) 2050 
i “Take-off to-cléar 50 fr (1). (fr) 3020 | 
| Rate of climb at SL (B) (ft/min) 6700 (2) 
Time: SL to 40,000 ft (8) (aii) 11.4 (2) 
Time: SL to $0,000 fe (B) (min) 21.6 O (2) 
| Service ceiling (100 fi/ min) (8) (ft) 44,600 (2 
| СОМЗАТ RANGE Q) (m. mi} — 
| COMBAT RADIUS G) (n. ті) 365 
Average speed kn) 518 
Initial cruising altitude (fd 41,900 
Final cruising alrirude (fü 45,000 46,200 
Total mission. time (hr) 1.5 1.8 
І TOTAL MISSION ГІМЕ زی‎ (hir) — тр 
i Interception altitude ۱ (fr) — سج‎ 
| 
COMBAT 77 (Ib) 20,974 
Combat altitude D) 52,000 46,200 
Combat speed (1) (kn) 546 598 
Combar. climb 1) (ft/min) $00 5260 
Combat ceiling (500 fi/ min) (1) (fo 52,000 $5,400  — 
Service ceiling (100 ft/niin) Ж (fü 52,800 (9 42,400 0) 
Maximum гасе о clidib:ac SL 8 (fe iin) 4 20,900: 
Maximum. speed at 35,000 fc (kn) 690 
Basic speed at 50,000 ft (D (kn) 580 
LANDING WEIGIFT (th) 20,974 
Ground roll ar SL | (it) 2300 
| Ground roll (auxiliary. brake) (9 (ft) 1680 
Total from 50 ft (ft) 4180 
| Total from 50: (t (nuxiliary brake) (0) (9 3500 
м. 


ао (бес general dam page G Considers weight reduction Performance isis! 

р (2) Military power 6 GAI or ОСАЙ-ІН missiles due to fuel ased (а) Dau Башев: Estimared Dara Мой 
‚ С) Betailéd description of Radius (6) 24 - 2.75" ЕРАК .nekets ری‎ Speed at Сү 0.75 (b) Performance is based on 

and Range missions are given Includes rime for takeoff and (0) Pi fi (flat diam) drag chute 


оп page $ acccleratión ю climb speed q Time to service ceiling 


pewers shown on page 3 
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DISTANCE (1000 ft ) 


ALTITUDE ( 1000 ft ) 
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ALTITUDE ( 1000 ft ) 


F TURN - (1000 ЕТ) 


RADIUS. О 


== 


35,000 FT إ‎ 


MAX POWER 
— — MILITARY POWER Ë: ` 


WEIGHT REDUCTION CONSIDERED 
IN BOTH R/C AND Т/С. Т/С FOR | 
MAX POWER IS FROM STAND. STILL 


Tie 
EE: НЕ: 


= 


SERVICE апазнаны» 


POINT 


- INTERCEPT MISSICN | 


тіше At фахат power lor take-off, 5 minutes combat at اشاصی‎ се ив 
with maximum power (based on іше! consumprion at 50,000 f} and a reserve 


Take-off and accelerate. го best climb speed vith maximum power, clitib of 20 minutes loiter at sea level ar speed Гог maximum endurance plus 5%. 


uw combat ceiling with maximum power. Comliat 5 minütes ar combat ceiling of initial fuel. 
with maximo: power (Combat. fuel bascd on fuel consumption at 50,000 fi), Е 
vokter at 35,000 ft at speed for maximuni ciiduritice. Reserve is the fuel re- ЕСЕМГІ A: RANGE MISSION Hf 
quired to loiter 20 спице ac sea level at speed for maximum endurance. | 
E ‘Total mission time does: nat rfüclude time required to Start engine, varr-up Take-off and accelerate to best clinh speed with maxinuic power, climb 
+ and iasi, Ùr reserve, to crüisc aliirude with niilirary: power, Cruise ar speed иш» range to 


remote hasc. Range- “пее allowances inctude 5 minutes opefatior at normal 
rated power ar кеа level. for starting engine and сахї, plus onc minute at 
maxim power for take-off, ашп reserve of 20 minutes loiter at sea level 
ar speed for-caximum enduragce plus 5% of initial Гост, 


FORSMLA: Am 


EA - INTERCEPT MISSION | 


Take-off ant secelerate го best climb speed witk maximum power, срив О Қ 
до cruise ceiling wik military power, cruise out at speed for best range at ZEN ۰۸ 
ernise ceiling, climb w con bat ceiling with maximum po wer, combat 5 min- 


| ита ДА | ; Махітоп fuel is obtained: by the addition of two pylonsmounted external. 
utes at combat ceiling with maximum power, cruise back. ar speed for best гі Е Fuel ranks of 235 0 Е den ach (Standard В RT 

š range at cruise: ceiling. Range-free allowances include 2 minutes: operation mung апкк о Š Bor Sepak Hc Eme se Этти و‎ D № " г 
at normal rated power at sea level for starting engine and taxi, plus one ing Х53|9555). Combat mission performance. and ferry range for das condi 


tion will be published when фе data is ‘available: 


ZU-8-025 ''Siess Analysis Criteria Гос F-102A. Айгсгий.”” 


ibe following flight conditions are vale from Convair Report 


SUMMARY OF ٠4۸4 DESIGN РШЕ CONDITIONS 


Зум. 1.089 


Factor “д” 


Min. Desig 
Altitude 


Design Speed 
Капрс Remarks 


=0.75 16 v L. 


Up 50.55 Ма, 


Configuration. bluntover 


г c 


5۶۵۰۹ 7. Sei 


а level - 
Pullout : 12,000 fr. 


Clean Airplane 


Gust - Symmetrical 


I са Level 
and Lateral 


ü 


50 М2 f sec sharp edge gust 


Rolling pullout Full available aileron. 


Rudder induced А | Rudder гариИу applied: Limited to autoinàtic 
niineuvers 0 Kis to V |. control authority or to 180 pound pedal force: 


External Fuel Tani 
Taàks full (max, takeoff wt.) ' 


Symmetrical 
Pullout 


12,000 ft, 50.75 to М 7.95 


Tanks Empty 5 3.0 to. #5.4: 12,000 fi 
, 


„79 ча М 7.95 


x mmetricz i & Sea Level 


Armament Extended Зу пикс сай 3.0 
Майспует 


Seu Level 


Steady Sidestip 12,000 ft. 


Нн... -.- — — 


эуттсшса 
rullu 


ЕМЕСІН as! 


Оп: 2.5 


—— — 


Sea Level 


Landing Gear Extended 


Ruilder iml üced 
Maneuver 


-- ~ - 


| required. | раан. | | l | NOVEMBER 1954 
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Classification Changed to: 


NCLASSIFIED | | 


ithorized by: SAAMA Date 12-12-6 SERVICE 
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"DELTA DAGGER" CONVAIR 
Wing Атеа.....„.......... 695.1 sqft ^ Length ( Including Nose Boom). .... 68.3 ft 
21.2 ft 


38.1 ft 


Number available 


ACTIVE RESERVE TOTAL 


2. Design Initiated (Case XX 
Wing): May 56 
3. First Flight (Case XX Wing): May 57 


1. Data covers F-102A aircraft serial numbers 
AF 56-1317 thru 56-1518. The configuration change 
consists of.a change in wing camber (Case XX Wing) 


Nor: 8100-5780/9550 -Cont 


*With afterburner operating 


TFirst figure represents 
RPM of the low pressure 
spool while the second that 
of the high pressure spool. 


ИР 


1 

| 

| | 24 FEB 58 
| 
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CONVAIR - SECURITY Am | 
CO Е . (AF Nr 56-1317 

Б8 ЗАК 5 - 065 
57WC 4983 -© - 


0پ LOG‏ ب97 


Liquid oxygen system 
Pressurized fuel system 


Max fuel capacity: 1510 gal 


۹ гад тай 


2— 


OTT e 

2 4 £ ° and increased area in vertical tail. 4, In Production 

ейе-ест 

ЕН. ЗЕ 

Sle fet. 

а | É É г 

85-3 4 

Гаа. Е (1) J57-P-23A7 || Сгеу.............1 | | бша.......... 

Ев „Зе : Delta wing j] | гошо5..,..... 

BE 3 Pratt & Whitney Single vertical tail Rockets 24 x 2.7 2 FFAR 

-l is 5 Ejection seat 08 

5 1 وت‎ ; ENGINE RATINGS Drag chute 6 x GAR-1D 

35 fe: | MG-10 Fire control system or 

8 PM Е Е 5. L.S. LB - t RPM -MIN Power -operated controls 6 x GAR-2 

> жы е || Max: *16,000-6100/9800- 5 GE 

êl $u Š E ми: 10,200-6100/9800- 30 | | External drop tanks ! 

r $ = = OE : , / | Cambered wing leading edge 3х و000‎ 
plus 


3 x GAR-2 


Е-О2А 


Ex 1518) ' 


SERVIGE ОЛ с L 


POINT -INTERCEPT | | AREA-INTERCEPT 
Loiter | _ £ 54,200 ЕТ 48,000 FT 


93.0 min 
at 35,000 iu 


PERFORMANCE 


INTERCEPT FERRY RANGE S P E ED 


POINT 
POINT 


Total Mission Time for | | 40 af COMBAT 548 knots at 
Interception at 54,200 ft. naut mi. | 54,200 ft.alt, max:power 


Equals 108 minutes 1050 gal. fuel 
MAX 70 5 knots at 


| AREA 517 knots avg. ТАНЫ ол 
430 Nautical Miles 2.2 пееш ; 35,00 „ай, max. power 


at. 517 Knots Average у | BASIC knots at. 
in 1.8 hours at 26,536. lb.T.O. wt. | 50,000 ft. alt, max.power | 


POINT : POINT ‘round | | 


5.350 سی‎ nsx | 55,5008. at 100 tpm, 05| 7 


Take-Off Weight, Мах. Power | Take “Off Weight, Max Power о -assi assisted 
POINT over 50 ft. height 


16 400 Арт. at 54 200 t at 500 fpm, 3700 еу ft. 


S.L. Combat Wt.,Max. Pow. _ Combat Weight, Max. Power no assist assisted 


L о а D WEIGHTS | STALLING SPEED 


Rockets... 24 x 2.75" FFAR AREA | 

plus Empty 194688 1b. 132 knots 
1 
і 


power -off, landing contig- 
us а ui 25,243 1b. Point uration, take-off weight 


Combat | 
GAR- 2 24,417 1b. Area. 
NEZ AREA Й TIME TO CLIMB 


I 
Fuel 1050 gat, 1050 gal. | Take-off 27,950 lb. POINT (b) | 
protected 0 $ 0 % | 6.4 Min 
droppable 0 % 0 % | limited by mission S.L. to 50,000 FV. 

% 


external 0 % 0 Take-off Weight, Мах. Power 


1. Performance Basis: 
(a) Estimated data (Not substantiated by WADC) 
(b) Includes time for take-off and acceleration to climb speed 
(с) Internal fuel only 


2. Revision Basis: Initial issue 


Е-02А | "ЫЫЫ а этте 


(AF Nr 56-1317 thru 1518) 


ж 


` POWER PLANT 


Nr & Model .... (1) J57-P-23A 
Mfr .;...... Pratt & Whitney 


: Engine Spec. Nr... . . A-1686F 


Type "ril 
Length .....,.... 245.1" 
Diameter .......... 39,8" 
Weight (бгу) ...... . . 5045 lb 
Tail Pipe , . . Auto, Two-Position 
Augmentation , . . . . Áfterburning 


ENGINE RATINGS 


S.L.Static LB - T RPM - MIN 


Max: *16,000 - 6100/9800 - 5 
Mil: 10,200 - 6100/9800 - 30 


Nor: 8700 - 5780/9550 - Cont 


* With afterburner operating 


T First figure represents.RPM of 
low pressure spool while the second 
that of the high pressure spool. 


Wing 
Span (Actual) . . . 38,1' 
Incidence ... ; 
Dihedral ......... 9° 
Sweepback (LE) ..... . 6096: 
Length (Including Nose Boom) 68,3! 
Height... уина 21.2! 
Tread ............ 14.5! 


Navy Equivalent: Mfr Model 8-10 

The principal mission of the airplane is the interception.and destruction 
of attacking enemy aircraft and airborne missiles, having.all weather айд 
day or night characteristics. i 

This airplane incorporates a delta wing with a cambered leading edge 
extending from wing root to wing tip, and triangular tail surface, Control 
surfaces are power operated, 

Power brakes are provided, with auxiliary braking by a fourteen foot 
drogue parachute. 

The oxygen system used is a high pressure gaseous system utilizing 
a diluter demand regulator. 

The fuel system is pressurized, air is bled from the engine compressor 
section which is used to pressurize the fuel tanks to reduce fuel evapora- 
tion and to provide for fuel transfer. 

The pilot's section is pressurized and provisions are made for ejection 
of the pilot. 

The MG-10 aircraft and weapons control system is utilized, This sys- 
iem provides automatic radar Searching and tracking, directs the aircraft 
on à lead-collision attack with the. steering being performed automatically 
cf manually at the option of the pilot, and automatically prepares and fires 
the aircraft's armament. 

‘The data presented herein represents F-102A aircraft embraced Бу 
serial numbers AF-56-1317 through. АЕ-56- 1518 (Case XX Wing). The con- 


figuration change set forth in these charts consists ofa change in wing 


camber and increased area in vertical tail. 


Design Initiated (Case XX Wing) . . . pe Мау 56 
Contract Date ....... ; Feb 56 
First Flight (Case KK Wing) ............... ... May 57 


Production Status ;...................... .Іп Production 


Nr Size Type Location 


24 ..2.75"... FFAR, Fuselage 
PLUS 

6...... GAR-ID.,, Fuselage 
or 

6 ......GAR-2 ,,. Fuselage 
or 

3...... GAR-ID ,..Fuselagé 

3 ...4... GAR-2., .Fuselage 


24 РЕВ 56 


SERVIGE 


WEIGHTS 


Loading Lb L.F. 
Empty .. ...... 19,283(C) 
Basic... . . . . . 19,438(С) 
Design ....... 25,500. 
Combat ...... .*25, 243 ЖЖ?.( 
Мах. T.O.(normal) 127,950 
Мах. T.O.(overload)$31,559 .. 2.0 
Max, in ЕН.... .$31,559.. 3.0 
Max. Land ..., .128,230...2.0 
(C) Calculated 

ж For Basic Mission (Pt Intercépt) 
ЖЖ See design flight conditions, рё 6 
T Limited by space 

1 Limited by design 


Location Nr. Tanks Gal 


We, Internal... . .4 . . . 1050 
We. Ехі(ачх,....2...., 460 

Total 1516 
Grade ,,...........УР-4 
Specification ..... MIL-F-5624 


OIL 


Engine. а... E. (tot) 5.5 
Specification ..... MIL-L-7808 


ELECTRONICS 


UHF Command AN/ARC-34 
Interphone ....,. . AN/AIC-10 
Marker Beacon . . . *AN/ARN-12 
Glide Path ..... **AN/ARN-18 
VHF Nav, Вест . . **AN/ARN-14 
ІҒЕ,......... ANJAPX-6A 
ОНЕ Navigation . . . TAN/ARN-21 
Glide Path.& LocalizerfAN/ ARN-31 
Radio Receiving Set . tAN/ARN-32 
* AF Nr 56/1317 through 56-1331 
жж AF Мг 56-1317 through 56-1358 

AF 56-1369 through 56-1392 ` 

AF Nr 56-1394 through 55-1518. 
ТАЕ Nr 56-1359 through 56-1368 & 

56-1393 

ТАР Nr 56-1332 through 56-1518. In 

place of AN/ -12 
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FIGURE NO. PHOTO NO. TITLE PAGE NO. 


l 06356 Grash Barrier Installation on 
Lindbergh Field 


Schematic Diagram of Installation 


Close-Up Showing Cable Attachment 
В.Н. Side 


South Side of Covered Chain Trench 
at 45° to the Runway 


Test Set-Up Showing Tractor and Crane 


Dynamometer Link Between Cable and 
Tractor 
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Instrumentation Used їп Test 
Cable Failure 

Close-Up of Cable Failure 
North Side After First Test 
South Side After First Test 


North Side After Second Test 
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South Side After Second Test 


7/8 Diameter Cable After Second 
Test 
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REPORT NO. 56-507 
CRASH BARRIER - LINDBERGH FIELD 
STATIC TEST ІС 
MODEL Е-102А 


INTRODUCTION: 


and Muroe in two respects: 


| The runway crash barrier installation (See. Figure 1) оп 
Lindbergh Field differs from similar installations such as at Palmdale 


1. The chains at Lindbergh Field are pleced in a trench filled 
with sand and covered with asphalt, while at other installations 


the chains are placed on the ground surface. 


At Lindbergh Field the north set of chains is parallel to 
the runway and the south set is approximately 45° from parallel, 
while at other installations both sets of chains are parallel 


to the runway. 


Due to these differences, a question was raised by CSD Dynamics 
and Structures Groups, "Will the installation on Lindbergh Field shear 
off the landing gear and other protuberances even when contacted at 


OBJECT: 


for the F-102 airplane. 


CONCLUSION: 


reduced speeds, or is the installation satisfactory?" 


The object of this test was to proof test the crash barrier 
installation on Lindbergh Field and determine if the barrier is adequate 


The present crash barrier installation on Lindbergh Field is 


unsatisfactory. 


SPECIMEN: 


That portion of the barrier consisting of the 7/8 inch 


of 60 pound links (see Figure 2). 
length with & clevis (see Figure 3). 


the chains. 


FORM 1812-А 


diameter cable and the anchor chain buried on both sides of the runway 
made up the test specimen. The anchor chain assembly on each side was 
made up of two 100 foot lengths о? 90 pound links and two 100 foot lengths 


The cable vas fastened to a 90 pound 


UPXPPPPPEEDDITITITTITIJI4 TEE СВ ВЕ ЕВС о А ВОВА ВЕСНЕ Во НОЕ 
EL 5 Е EES 5 2 É RRS و وو‎ ЕККУ LUE КНЕУ: акиси E БЕРЕРІ ездері $ASHEsGSG D کر کر ور مر کر رر کے ہا ضر‎ 


Five feet from the lead end of the 


chain, the second 90 pound length was fastened to the first chain with a 
clevis., Five additional feet aft, the first 60 pound length was attached 
to the second 90 potind length with a clevis. Finally the second 60 

pound length was connected to the first 60 pound length with a clevis. 
These clevises at the leading end of each length were the only tie between 


 — нас‏ س ہے 
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The lengths of chain were implaced in a trench, covered with 
approximately 6 inches of sand and 3 inches of asphalt paving. The 
trench on the north side ran parallel to the runway while the south 
trench ran at approximately 45 degrees to the runway (see Figure 4). 


The cable appeared to be in a poor condition due to the method 
of installation. The common practice, in effect at the time of the test, 
was to drag the cable off the runway and leave it on the ground parallel 
to the runway, but. two hundred feet off the north side. Over a period 
of one year, this dragging caused severe visible wear on the cable strands. 


TEST PROCEDURE: 


The cable was placed across the runway and fastened at each 
end to the buried anchor chains. The distance between the pick-up 
points was 211 feet. А 25,000 pound tractor and a 50,000 pound crane 
were driven to the center of the runway and hooked up in tandem to 
supply the force to pull the cable and chain assembly (see Figure 5). 
It was decided, in а conference represented by CSD Dynamics Group, CSD 
Structures Group, and CSD Structures Test Section, that the installation 
would be considered unsatisfactory if these two vehicles in tandem could 
not supply sufficient force to drag all of the chain out of the installation. 
It was assumed that if more force were required to move the installation, 
it would be likely that the barrier would fail the landing gear on the 
F-102. 


A calibrated strain link dynamometer was connected at the mid- 
point of the cable with а clevis. This unit was then bolted to the 
tractor draw bar clevis (see Figure 6). The strain gages on the link 
were wired into a calibrated Brush Recorder. Full scale travel on the 
recorder was set for 40,000 pounds making each increment equal to.1000 
pounds. The power supply for the recorder was furnished by a portable 
battery driven generator shown in Figure 7. 


At a signal from the recorder operator, а slow steady load 
was applied by the tractor and crane. An observer stationed at. the lead 
end of the chain signaled the recorder operator when the first chain 
link broke through the asphalt. This point was marked on the recorder 
paper. 


DATE 15 November 56 | 
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TEST RESULTS: 


The 7/8 diameter cable failed at а draw bar pull of 8000 
pounds, see Figures 8 and 9, This load produced approximately 12,000 
pounds tensile load in the cable. Two chain links broke through on the 
north sidé and three links on the south side (see Figures 10 and 12). 


А new cable was obtained, loops were spliced in the ends, .and 
the cable маз fastened to the anchor chains, The tractor and crane were 
once again attached to the cable through the dyamometer.. 


са ..-.---. — ts سو‎ Nene —— —À 


The load was ‘slowly applied with the tandem units until the 
cráne broke Mane qe دہ‎ ane ‘load at this oma was 35» 000 ресе; 


The rope core 
in the cable wes. extiuded Жөнді ‘the cable pucr at thë сане time the mid- 
point of the cable moved 8 feet to the south (see Figure 14). 


DISCUSSION: 


The method of laying the cable across the runway was ch&nged. 
For the second portion of this test the cable wás- unrolled from a reel 
mounted on а dolly. This procedure was good and should improve the 
life by reducing wear due to dragging the cable, Also, the cable would 
по longer be exposed to the elements. 


Ав the chain moved out of the trench, sheets of asphalt from 
6 to 10 feet long were raised and dropped. This caused the load tö 
vary from side to side jerking the cable and swaying the tractor. 


The crash barrier-on Lindbergh Field does not meet the requirements 
in its. present installation. This statement 18 made since the tandem 
units exerting a static force of 35,000 pounds could not remove all of 
the anchor chain from the trench. 


кеше: This cable had | an ultimate tensile load of 66, 0 52 


| 
| 
| 
| 
| 
| 
1 
۱ 
| 
| 
1 
x 
| 
It is also questionable whether the 7/8 diameter cable із | 
load of approximately 21, „000 2 was developed. x 
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° RECOMMENDATIONS: | 


It is recommended that the present installation be modified 
во as to ‘either’ have the anchor chains on the ground surface, ог some 
alternate method such as mechanical-pneumatic system or barrier net be 
substituted. 


NOTE: 


The data from which this report was prepared are recorded in 
Engineering Test Laboratories Data Book No. 297, pages 99 - 101. 
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| F-109A and Г-106Д/В Engineering (Tooling and Sustaining) Cost Date 


` SDOMD (RWEDAP/D. В. Arganbright ) 
' 305l Rosecrans. Pl 
Sen Diego 10 Calif 


| 1. Reference 45 made to? 


| а. NAA - LAD АГРАО letter RWRRA dated 2 October 1963. 
|}. Your letter RWHDAP-10-533 dated 18 October 1963. 


‚2. Thank you for your prompt attention and assistance in obtaining the 
requested Р-1.02 and Ғ-106 engineering manhour data. ‘The School of Systems 
'& Logistics, Wright-Patterson АРБ Ohio, has been apprised of your wonderful 
cooperation in this matter. 


3. After reviewing the data, the School of Systems & logistics has a 
question concerning the Tool Engineering data, and also a request. for 
additional information as follows: 
| а. Tooling Engineering: Do the "Average Tool Ing. Manhour Fer Unit" 
date include production planning and tool planning design, maintenance 
and manufacture? 

| b. Dollar cost by contract quantity or by average rate per hour of 
ТЕ Engineering" for both Е-102 and F-106 aircraft. 


, С: Dollar cost by contract quantity or by average rate per hour of 
ES Engineering" for both F-102 and #-106 aircraft. 


lh. Your prompt attention is again solicited and appreciated. 
FOR THE АР PLANT REPRESENTATIVE 


DEWEY К. К. LOWE 
Captain, USAF 
Chief, Contract Administration Division 
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RWRRA 2 October 1963 
F-104 Engincering Manhour Data 

San Diego CMD (RWHDA/R. T. Nagle): 

3054 Rosecreno Pl, 

Sen Diego 10, Calif 

1. Major Williem T. Liffiton, School of Systems and Logistics, Air 


Force Institute of Technology, Wright-Patterson AFB, thio, ів currently 


developing instructional materials for an advance cost estimating course 
to be conducted at the School of Systems and logistics, Particularly, 
he is studying techniques in the development of a cost estimating system 
to project cost of an entire weapon systems 


2, Та this regard, Major Liffiton is gathering cost date for century- 
series supersonic fighter aircraft, to include the F-10P and Р-106 


aircrafts Although certain. AMPR data are available to him, Major Liffiton 


needs to know the following actual experienced engineering cost data: 
а. Tooling engineering mankours рег unit. 
b. Sustaining engineering manhours per unit. 

Attached herewith are certain cost data concerning the F-102A and 


7-106۸ and В nircraft. What is desired then are the concomitant engineer- 
ing manhour data enumerated above for each listed cumulative plane number 


on the attached summary tables. 
3. Your assistance and prompt attention in obtaining these data from 


General Dynamicea/Convair is earnestly solicited and very much 00 


FOR THE AF PLANT REPRESENTATIVE 


DEWEY К. К. LOWE Atch 
Captain, USAF 7-1023 в F-106 Manhour Data 
Chief; Contract: Administration Division 


2 


Е ТШ 


vx С Ca) 
75 0 ДРА e | 


| d 
| 
J 


Е 


ШЕЕ == 


control more closely matches the movement of the range 
trace and range mark on the radar scope, lockon times with 
the MG-3 system were essentially cut in half. 


MG-10 System 


The МС-10 is an advanced version of the MG-3 system. 
It differs from the MG-3 only in incorporating a data-link 
receiving subsystem and an automatic flight contro] sub- 
system. | 


Data Link Subsysten—The data link subsystem consists 
of a radio receiver and associated data processing equip- 
ment. The receiver, which operates in the same UHF band 
as the normal air-to-ground voice transmission equipment, 
receives automatic high-speed digital data transmissions 
from ССІ. The data processing equipment converts these 
data во analog form for presentation to the pilot. The data 
received by the MG-10 data link аге those required for 


close control vectoring of the interceptor by GCT. Tt in- () 


cludes (1) a command heading to Ну, (2) the time-to-go 
until the interceptor reaches an offset point from which to 
begin its attack, (3) the range and azimuth of the target 
relative to the interceptor, and (4) the target's altitude. 
The first three items are presented to the pilot on his radar 
scope by means of a steering dot, a time-to-go circle, and 
a target marker circle. The target's altitude is presented on 
a meter. 

Data-link transmission of vectoring information has 
several advantages over voice transmission. To begin with, 
it makes more efficient use of the available frequency band; 
one GCI station can transmit continuously over a single 
channel to as many as 400 interceptors. The data link also 
is inherently more difficult to jam; and it contains circuitry 
which automatically rejects data that is garbled or is 
recetved when the signal-to-noise level drops below an 
acceptable value. With data-link, the pilot's response to 


| MG-10 aircraft and weapon control system. 
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Aircraft F-102A (one-man) 


6 GAR-1D and GAR-2A missiles 
and 24 2.75-inch FFAR 


Armament 


Radar lead-collision 

a. Missiles, coaltitide or snapup 
b. FFAR’s 

Optical pursuit 

a. GAR-2A (pure pursuit) 

b. FFAR's (lead-pursuit) 


Attack Modes 


Snake 
Visual identification 


Non- Attack 
Modes 


Other 
Capabilities 


Automatic data link reception 
Automatic flight control 

a. During radar attacks 

b. During ILS approaches 

c. Pilot assist steering 


Modified E-6 radar 
Universal computer 


Equipment 


Armament auxiliaries 
Air data computer 

Data link receiver 
AFCS 

Integrated power supply 


Size and 22.6 cubic feet, 1365 pounds 


Weight 


Features of the MG-10 System 


instructions is quicker and more reliable, since the com- 
mand information is presented with attack-type symbols 
on his radar scope. Moreover, his chance of detecting his 
target at long ranges is greatly increased since the target 
marker circle reduces the area on the radar scope in which 
he has to look for the target. 


Automatic Flight Control Subsystem—The automatic flight 
control subsystem (AFCS) was an outgrowth of a similar 
equipment (the control surface tie-in, CSTI) which was 
developed to tie the steering signals of the E-4 system to 
the control surface actuators of the F-86D. While the CSTI 
was never used operationally, the experience gained in 
developing and flight testing it was employed to advantage 
in developing the AFCS for the MG-10. 

The AFCS consists of analog computing equipment 


MG-TO controls іп the cockpit of the Ғ-102А, illustrating 
the dual grip stick. 


which, at the pilot's discretion, will supply control inputs 
to the actuators of the F-102A’s elevons to provide any one 
of three automatic flight modes: attack, pilot-assist, and 
landing-approach. In the attack mode, the AFCS receives 
the steering signals from the universal computer and steers 
the interceptor rapidly and precisely onto the computed 
course. In the pilot assist mode, the AFCS receives inputs 
from the vertical gyro, the gyro compass, and a barometric 
altitude-control unit and positions the elevons so as to 
maintain the interceptor's bank or heading and its pitch or 
altitude as they were when the AFCS was engaged. In the 
landing approach mode, the AFCS receives inputs from the 
interceptor's ILS receivers and flies the interceptor auto- 
matically down the glide slope. 

During AFCS operation, the control surface positions 
are followed at all times by the control stick, and the pilot 
can disengage the AFCS whenever he chooses by means of 
a pressure switch on the stick. Transition from manual to 
automatic flight (or vice versa) is smooth and safe, since 
the characteristics of the F-102A damping system, which 
controls pitch damping, yaw damping, and turn coordina- 
tion, are identical in automatic and manual flight. Elec- 
tronic limiting of accelerations is provided so that, in 
maneuvers governed by the AFCS, the stall limit of the 
aircraft will not be exceeded nor will the pilot be subjected 
to an uncomfortable number of g's. 

The AFCS has two significant advantages. First, by 
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relieving [the pilot of routine steering duties, it enables him 
to conceátrate on the difficult tasks of radar detection, 
target identification, the assessment of enemy counter- 
measures, etc. Second, since the response time of the AFCS 
is much shorter than*that of a human pilot, the AFCS 
reduces the time the interceptor requires to get on an 
accurate Attack run—a particular advantage іп the case of 
a late lodkon. Moreover, it increases the probability of kill 
for rockét attacks against maneuvering targets or at high 
intercept' speeds where human response time limitations 
become excessive. 


Status—~The MG-10 system was put into production in 
ті4-1955. By March 1958, when production was con- 
cluded, some 860 systems had been produced. The average 
production cost per system was about 120,000.00. 

The fire control] systems which were installed in the 
first production F-102A's did not have AFCS or data link 
(ie, they were MG-3 systems), and they did not provide 
the différential-altitude attack capability. Part of the AFCS 
(providing partial pilot assist operation only) was incor- 
porated іп the 89th aircraft. By the 359th aircraft, the 
entire AIFCS, the data link, the differential altitude attack 
mode, and the computing sight capability were being 
installed. In addition, a number of reliability and perform- 
ance müadifications were being included which had proven 
either desirable or necessary as a result of Air Force test 


MG-10 installation т 


ARTIFICIAL 
HOR! ZON 


DATA-LINK 
TARGET 
MARKER 
CIRCLE 


DATA-L. INK 
STEERING 
DOT 


DATA-L INK 
TIME - TO- GO 
CIRCLE 


Data link symbols on MG-10 search display. 


the nose of the F-1024A. 
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Modes 


Display Ranges 


Transmitter 
Frequency 


Repetition Rate 


Pulse Width 


Antenna 


Dish Diameter 


Beam Width 
at Half Power Points 


Squint Angle 


Search Scan 


Detection Range 


Lockon Range 


Displays E-9 


MG-10 


Search, Automatic Track, Ground Map, Beacon 


Search and Track: 15 and 30 nm, E-9 
6 and 30 nm, MG-10 
Ground Map and Beacon: 200 nm 


X-band, tunable 
8750 to 9400 imc, E-9 
8750 to 9230 mc, MG-10 


Search: 416 or 910 pps 
Track: 910 pps 
Ground Map and Beacon: 416 pps 


Search: 2.50 изес at 416 pps or 0.5 изес at 910 pps 
Track: 0.5 psec 
Ground Map and Beacon: 2.50 psec 


Peak: 250 kw 
Average: 250 w in long pulse search 
125 w in short pulse search and track 


Rotating feedhorn, parabolic reflector 


20 inches, E-9 
23 inches, MG-10 


4.3 degrees, E-9 
3.8 degrees, MG-10 


2.1 degrees, E-9 
1.9 degrees, MG-10 


Elevation, 2 bars: separated 6.6 degrees, E-9 
separated 4 degrees, MG-10 
Elevation Coverage:* 10.9 degrees, Е-9 
7.8 degrees, MG-10 
Azimuth: 2-70 degrees, broad, 80 degrees narrow 
Azimuth rate: 100 degrees /sec 


E-9: 85% probability of detection of 120 square foot target on beam at 14 nm 
with 4 db field degradation and M 1.14 closing rate 
MG-10: 85% probability of detection of 130 square foot target on beam at 18 nm 
with 4 db field degradation and M 1.46 closing rate 


15 nm 


Radar Operator; B-scan with antenna elevation marker 
Pilot: Artificial horizon and, after lockon, error dot, reference 
circle, range circle, and range rate gap 


Both displays. combined on pilot scope 


* Defined as that limit of the coverage at which the probability of detection (Ра) falls to 15 Ра at the center of the scan, 


E-9 and MG-3/10 Radar Characteristics 
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INTRODUCTION: 
| In this report the available cooling airflows and inlet temperatures based оп 
im ground test data of Table I Рог the (٥-10 cooling system in the повв and inter- 


ediate electronics area of the ТЕ-102А airplane are compared with the required аіг- 
flows and allowable inlet temperatures as specified by Hughes Aircraft Company 

(Reference 1). The investigation covers altitudes from sea level to the operational 
ig. of the airplane for the Army hot дау maximum envelope ourve from Reference 2. 

nly the hot day available and allowable inlet temperature curves are presented since 

the standard day is not critical. | 


Тһе loiter hot day curves are not shown since this condition is not critical as 
illustrated in sample calculations of Appendix 2. 
| 


Insufficient test data are available at this time to include the aft and IFF 
drea cooling system analysis. 
SUMMARY: 
| Figures are presented which compare the available with the maximum allowable 
inlet temperatures to the MG-10 electronic equipment in the nose and intermediate 
8: 8 area of the 17-102۸ airplane. Marginal cooling is shown where the 
dvailable exceeds the maximum allowable inlet temperature by 59F or less as specified 
by HAC to be satisfactory. Marginal cooling is shown during the hot day Military 
Power condition below 4000 feet altitude in the nose area and below 2000 feet altitude 
іп the 873 rack and Data Links. Sinoe the probability of flying а continuous Military 
Power condition below 4000 feet on a hot day is extremely small the cooling is not 
donsidered critical. 1% can therefore be said that the cooling system for the nose 
and intermediate electronics area of the TF-102A airplane is adequately ооо1іпр the 
0-20 equipment. 


DESCRIPTION OF COOLING SYSTEM: 
| Same ав Referenoo 6 except as shown on Figure 1, 
As SUMPTIONS: 


| А. The ram air temperature is assumed to be that corresponding to adiabatic 
| deceleration to zero velocity (100% recovery) and remaina constant from 
| гаш air inlet to forced air cooled equipment inlet. 


В. The density of the air is assumed constant throughout the inlet air duct 
| to the various units at any given altitude and flight conditions. 
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| 
DISCUSSION: 

| The experimental oooling requirements for the MG-10 equipment from Hughes 
Aircraft Company (Reference 1) and the ground test data of Table 1 are used in this 
report to compare the available and maximum allowable inlet temperatures. The anal- 
увів covers the final ducting configuration arrived at by ground tests and shown on 
Figure 1. 


| Data from References 3 and 4 аге used to osleulate the Mach number altitude 
curves: shown on Figure 2. The maximum envelope curve only from Reference 2 18 shown 
ih Figure 3 because it is the most critical design environment. The plot of 100% 
recovery таш air temperature for the maximum envelope (Figure 4) shows that the ram 
ag regulator shut-off temperature of 160°F ocoura at 7800 feet for Vmax. 


| The ground test data of Table 1 is extrapolated to altitude - flight conditions 
on the basia of density. The density ratios used are shown on Figure 5. The ground 
test weight flow curves shown on Figure 6 are drawn from the data of runs 13 through 
20 of Table 1. Note that these are unit versus total airflow curves which means that 
knowing the total airflow makes it possible at any one flight altitude condition to 
aploulate the airflow to each unit. The total ground test airflow with 2 іп. Hg ram 
pressure available to the cooling ayatem is also shown in Figure 6. Thus the airflow 
curves of Figures 7 and 9 are caloulated by multiplying the density ratios from 

Figure 5 by the total ground teat airflow shown in Figure 6 and entering Figure 6 

with the resulting total airflows to read the unit airflows. The flow rates of 
Figures 7 and 9 are used in Figures 11 through 14 to obtain maximum allowable inlet 
temperatures. ‘The continuous curves аге 1896-Рог Military Power (Figure 7) and the 
7, minute transient curves are used for Vmax (Figure 9). These temperatures are 
plotted on Figures 8 and 10 along with the actual ram inlet temperature. On Figure 8 
1% can be seen that the allowable temperature is marginal or below the actual by 2°F 
оп the 873 rack and ЗОР on the Data Linke. Оп Figure 10 all unite are shown as 
adequately cooled. Тһе Motor Generator is not shown on Figure 10 because Hughes did 
not include the 7 minute transient curve on Figure 14. 


| The nose area airflows shown in Figure 15 are obtained by the same method used 
for the units in the intermediate area. These airflows are used in Figure 19 to 
obtain the maximum allowable inlet temperature curves shown in Figure 16. The avail- 
sbl е inlet temperature curves for the nose area shown in Figure 16 are different than 

ө intermediate area curves because cabin discharge air mixes with ram air in the 
nose lower plenum. The cabin discharge airflows and temperatures shown in Figures 17 
and 18 are used with the Figure 4 and 15 data to caloulate the nose area available 
inlet temperatures. Тһе cabin discharge airflow ів plotted on Figure 17 as obtained 
from Reference 5. The cabin discharge temperature ia plotted on Figure 18 as calou- 
ated from Reference 5 data, and the theoretical cabin heat transfer. The Figure 18 

bin discharge temperatures are based on the theoretical cabin heat transfer where 
the cabin temperatures shown in Figure 7 of Reference 7 are "based on test data. 


Although the two cabin discharge temperatures for Vmax het day are slightly different, 


the Reference 7 temperatures change the available Nose Area temperatures shown in 
Figure 16 by lesa than 10°F with the maximum deviation occuring above 10,000 ft. 
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' From Figure 16 it із seen that the nose air ів marginal below 4000 feet at 
Military Power. 


CONCLUSIONS: 


_ Based on the available test information the cooling system for the nose and 
intermediate electronic area of the ТЕ-102А airplane adequately 00015 the MG-10 
electronic equipment. : 
| CES: 
1. Hughes Д4гогаГ% Co. Report No. TM-408. 
2. П.5.А.Ғ, HIAD, ARCDM 80-1, Vol. 1, Figure 12-3. 
| 3. Convair Report No. 24-8-009, 
| 4. Convair Report No. ZJ-8-012, 

5. Convair Report No. 8-08967, 

| 6. Convair Report No. 22-8-028. ے‎ d 


| 7. Convair Report No. 24-8-029, 
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APPENDIX 1: 


Symbols: 
M а 
т d 


Symbols and Abbreviations 


Mach Number 


Pressure inches of Mercury Absolute 


Absolute Temperature °R 


Temperature °F 


Airflow in lb/min. 


Density of air lb/ou. ft. 


Abbreviations: 

& = Ambient 

° s Cabin 

а = Duot 

D.R. = Density Ratio 

HE ш Electronic equipment intermediate area 
4 ш Ground test 

me = Motor Generator 

na a Nose air 

HR = Nose ram air 

i = Ram 

TR = Total ram air : 
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| Тһе following sample calculations are made for the Sea Level Loiter Hot Day 
flight condition in order to show the method of analyais and that Loiter Hot Day 
їв not a critical flight condition. Since the Loiter Hot Day Ram Air Temperature 
dürve of Figure 4 decreases with altitule, the sea level altitude is the most 
Gritical. 


| The method of analysis ia the same as described in the main body of this 
neport (page 2) and used in Reference 6. 


From Figure 3 


ta = 100°Р 


Hrom Figure 2 


M = .33 
From Ordnance Aerophysios Laboratory Memorandum No. 50 "New Mach Number Table" 


C 7 


| T/ T+ = „97868 


і 


Ta = 56098 


т = 560/.97868 = 57298 


| 4, = 572-460 = 1129 


| Pd = „7 + 29.92 = 30.62 in. Hg. 
| d = 1.325 (30.62/572) = .070927 at SL Hot Day Loiter 


в = „0725 

D.R. = V.070927/.0724 = V.97965 = „98977 
íi М0-10 equipment airflow are taken from Figure 6 
| 


Total airflow = 72.5 x .98977 = 71.758 1b/min. 
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| Temperature 
| 
E Rack Ма 3.66 f/nin. fr. Pigure 13 154 
873 لا‎ = 4.80 n 11 " 11 154°F it 
ма. We 5,21 n " ! 14 2439Р 8 
Data Link-l М = 6.82 ٣۷ и Ff R 131°F " 
Data Link-2 М = 6.98 " пи 2 1329F n 


NIA. М = 42,2 -9 = 33.2 ¢/min. 
Chloulated from Convair Report. No. 8-08967 


To 2 7 


| * 9 + 32.2 
From Figure 19 Hughes Continuous Requirement Curve at. i2. 2 lb/min. the maximum 
allowable temperature ів 126.5°F while the available temperature is 1079F. А1 
available inlet temperatures are below the maximum allowable showing that loiter 
7 day is not critical. 
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Subject: Cooling of Aft Compartment 
MG-10 System/F-102A ^ 


Referencé: (A) F-102A Tactical Mission Profiles as transmitted to 
Hughes by Convair letter 11769, dated 6 June 1956. 


(B) Preliminary revised aft compartment weight flow - 
altitude curves, 


(C) MG-10 System Cooling Requirements as transmitted to 
Convair in Hughes letter 1130-1375, dated 30. March 1956, 


Gentlemen: 


Hughes Aircraft Company has reviewed the Е-102А tactical mission 
profiles as transmitted by Convair (Reference A) with respect to adequate 
cooling of the fire control system, It is with particular interest that 
we relate these missions, the preliminary revised aft compartment weight 
flow-altituüde-flight condition schedule, (Reference B) and the MG-10 
system cooling requirements (Reference C). The composite relation is 
presented in figure one. 


Our conclusion is that the F-102A cannot fly continuously below 
1500 feet on а hot day and yet provide adequate cooling for the units 
mounted in the aft compartment; furthermore, the airplane is not truly 
operational from the thermal viewpoint on a hot day below 15,000 feet. 
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| SUBJECT: Cooling of Aft Compartment 1182-6 | 
| MG-10 System/F~102A 6 July 1956 


We appreciate the fact that an effort is to be made to determine the 
validity of laboratory data with respect to the aft compartment in view of 
the the fact that this portion of the airframe is difficult to simulate 
thermally, but it is our view that the results of these tests will show 
no appreciable change. in the equipment cooling requirements curves. Іп 
addition, due to the time scale involved, we believe it to be imperative 
| that at least an interim method of mitigating or restricting the tempera- 
| ture environment in the aft compartment be effected. This solution could 

be either to adopt provisions which will supply adequate cooling or рго- 
hibit the airframe from operation in flight conditions wherein the equip- 
ment is not adequately cooled. 


Attached is a summary of the methods used by Hughes in arriving at 
the conditions for adequate cooling including a detailed description of 
the application to the aft compartment. It should be recognized that 
although we believe we can define conditions of adequate cooling, we can 
say nothing quantitative about the operation of the equipment when operated 
in an undercooled region. At present all that can be said is that both 
life and reliability are reduced. Conversely, the fact that "nothing 
happens" to the system when operated in an undercooled region does not 
mean that severe and irreparable harm is not being done to the systen. 


Very truly yours, 


М. Livesay, Project Manager 
| | Fire Control Systems Laboratories 
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Explanation of the theory 


The basic criterion of whether or not the fire control system 
is adequately cooled is the fact that all individual components of 
the system are operating with surface temperatures below that which 
is ascribed as a maximum for each particular component, These max- 
imum surface temperatures are obtained by consulation with component 
manufacturers, but where data is not available, the temperatures 
represent those assigned using the best engineering knowledge avail- 
able, 


In order to ensure that the foregoing condition is achieved, the 
environments encountered in the airframe must be mitigated by the use 
о? cooling air. The amount of cooling air needed is arrived at through 
the following procedure, 


l.l For each particular area of the airframe, the most critical 
components are determined through the following procedure: 


1.1.1 Тһе manufacturers rating on the component is obtained, This 
is usually expressed as the maximum ambient temperature in 
which it is permissible to operate the component. 


1.1.22 The wattage dissipation of each component is obtained from 
the manner in which it is used in the circuit, 


1.1.3 Тһе heat transfer area of each component is computed from its 
physical dimensions, and using the dissipation, & Q/A (in 
watts per square inch) is calculated. 


1.1.4 “nose components with a high Q/A value and low surface tem- 
perature limit are selected for monitoring. This choice is 
supplemented by further selections based on a visual deter- 
mination of which components are subjected to unduly severe 
conditions due to the packaging of the unit, 


1.2 For each particular cooling air temperature, the amount of 
air introduced into (or around) the unit is increased until, 
for steady state conditions, no component stabilizes above 
its rated temperature, (Good thermal packaging practice is 
to have as many as possible critical components reach this 
state simultaneously.) 
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Using the points obtained, a curve of weight flow versus in- 
let temperature is drawn, representing conditions required 
for adequate. cooling. 


Transient requirements are determined as follows: 


The component in a unit which will exceed its limits first 
under the transient period under consideration is selected. 
This selection is based on high Q/A value, low thermal time 
constant, and operation during steady state at or near rated 
conditions. 


The maximum surface temperature rise which may be allowed is 
calculated from an internal heat balance as a function of the 
duration of the transient. 


The instantaneous reduction in heat transfer from the com 
ponent which will result in the said temperature rise is 
calculated, Parameters necessary for the calculation are 
obtained experimentally. 


The reduction in weight flow or increase in cooling air tem- 
perature necessary to effect the reduction in heat transfer 
is calculated and plotted as the transient requirements, 


Application of the theory to the aft compartment 


2.1 


2.2 


For steady state considerations, tests were performed on the 


units mounting in the 163573 rack. Monitored as the limiting 
component was СВІ (selenium rectifier) in the 16391 unit, 

to which was designated a maximum surface temperature of 90°C, 
This component is the limiting component over all expected 
ranges of inlet temperature. Resistor R15 in the 163391 
operates 1509 above its rated temperature in this case, but 
the ambient temperature limits ascribed to resistors can be 
less rigorously justified than those for selenium rectifiers. 


Tests were performed.using the technique described in para- 
graph 1.3, and the points shown on figure one were obtained, 


Since the units mounted on the other rack in the aft compart- 


ment (163673) dissipate the same quantity of heat as those on 
the 163573, a curve corresponding to double those ordinates 
was constructed for the steady state requirements for the aft 
compartment, 


| Attachment to 1182-6 
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2.3 In consideration of the transient operation, ап analysis was 
performed on R15 in the 163391 unit, The figures resulting 
from analyses on other components used in the system were 
assumed to apply to №5 also. For a component, originally 
at its rated surface, temperature, the thermal impulse, or 
the relationship between the duration of a transient, T , and 
the allowable surface temperature rise, ATg, may be expressed 
approximately as 


i ‘ATs = 70 sec = C9, 


Since a seven minute transient is considered, a 1009 tempera- 
ture rise is allowed. 


2-1 То effect the above temperature use, an initial reduction in 
heat transfer is allowed. This percentage reduction, amounting 
to 30% or „25 Btu/hr for R15, is a function of ATg and the 
particular component only, and permits an instantaneous rise 
in cooling air inlet temperature, ATi, which is a function 
of the initial cooling air temperature only. The figure of 

| 30% was determined through a series of trial and error step 

calculations in order to determine the heat transfer condi- 

tions which result in a surface temperature rise of 1009 

after seven minutes, 


205 At high values of Ті, the foregoing becomes invalid because 
of the effect on the germanium diodes in the 163005 unit. 
Since the time constants of the diodes are so short, the 
cooling air temperature cannot be permitted to exceed their 
rated surface temperature which has been established at 

| 160°F for this diode application. 
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Convair 

A Division of General 
Dynamics Corporation 

San Diego 12, California 


Attention: Mr. W. W. Fox 

Subject: Change in Rate Gyros Used on Ё-102А and TF-102A Aircraft 
Reference: Convair Letter WWF:FMR:ccom:6-3461 dated 17 Мау 1956 
Gentlemens 


This. letter summarizes the conclusions of the latest meeting between 
Convair and Hughes engineering personnel and it supercedes all other 
letters and meétings concerned with the subject as first discussed in 
Convair letter ҮМЕ:ІК:сс:6-7016 dated 30 December 1955. Engineering 
concurrence with the proposed change, as modified, is hereby furnished. 
No change will be required in the Hughes AFCS equipment at the time 
Convair incorporates the new rate gyro package provided that, as has 
been. agreed upon, the signals from the rate gyro demodulator combination 
are in accordance with the requirements of the following paragraphs. 


The DC voltages from the demodulators, which will be furnished to the 
Hughes. equipment, will have the same sense as the DC voltages presently 
furnished from the potentiometer pickoff rate gyros. 


The DC output from the roll rate gyro demodulator furnished to the 
Hughes equipment will have the following characteristics: 


Vp = КР 
Where K, = 0.55 + .025 volts/deg/sec with no load 
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and Й is roll rate in deg/sec. 


Maximum ripple voltage (rms) on Ү,: 150 millivolts plus 1% 
of V. 
21 Vy 
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The Hughes AFCS equipment load on the roll rate gyro demodulator output 
will be between 33,000 ohms and infinite ohms. Over that range, the 
output impedance of the gyro demodulator will be 1500 + 300 ohms. 


The roll rate gyro output threshold value will be 0.05 deg/sec maximum 
and the zero offset error will be less than 1.25 percent of the full 
output under all environmental conditions. The range of the roll rate 
gyro will be at least from minus 100 to plus 100 deg/sec. ` 


The Hughes equipment load on the pitch rate gyro demodulator will be 
140,000 ohms paralleled by a 0.005 mfd capacity. The DC output of 
the demodulator will have the following characteristics: 


Up = K Š. 
Where K, = 1.2 + 0.42 volts/deg/sec 
and 6 is pitch rate in deg/sec, 


The pitch rate gyro output threshold value will be 0.1 deg/sec maximum 
and resolution will be 0,1 deg/sec maximum, The range of the pitch 
rate gyro will be at least from minus 20 to plus 20 deg/sec. 


The Hughes AFCS load on the pitch rate demodulator output would not 

be switched either in the AFCS equipment or in the damper but would 
remain connected to the demodulator output at all times. However, іп 
the damper, disconnection of the demodulator from the damper pitch rate 
input will continue to be required when changing to an automatic mode. 
Any pitch damping required in the automatic modes will be supplied in 
the АРСЅ. 


Very truly yours, 
M. Livesay, Project Manager 


Fire Control Systems Laboratories . 
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Convair 

A Division of General 
Dynamics Corporation 

San Diego 12, Californta 


| Attention: Mr. We W, Fox 
Subjects Schedules for XMG-1)/F-102A System Flight Test 
Reference: (a) Convair Letter WWF:JMA:com 6-3692 dated 22 May 1956 
(classified secret) 
(b) Douglas Aircraft Company Report Мо. SM-19510 
(classified secret) 


Gentlemen: 


In response to your letter (reference (a) above), Hugtes recognizes that 
the attached schedule was made to comply with the eight weeks overall 
period for installation of the wiring and the fire control system. 

| However, Hughes entered into these agreements during the first half of 
1955 with the understanding that six of the total eight weeks period 
was for installation and checkout of the fire control systen. Hughes 
still feels that this time span is advisable for the first installation 
of a пен system. Hughes considers this necessary with a two shift 
(48 hour per week) operation. Hughes understands Convair will perform 
the actual physical installation of units in. the aircraft as- üsually 
required by aircraft inspection procedures. 


In addition, Hughes notes that the schedule attached to reference (a) 
indicates different dates for the work on A/C 1797 than in reference (b). 
The actual installation of equipment in A/C 1006 is shown as 1 September 
1956. ‘This suggests that the dates Hughes planned to ship systems of 

1 August 1956 and 15 September 1956 are earlier than necessary. This 

has been discussed with representatives of Convair's Model 8 Project 
Office and flight test planning. As a result, it was agreed that, except 
for racks, the systems should be kept at Hughes for additional system 
checkout and be shipped one week prior to the date Convair requires the ` 
| units for actual installation of a new чүргөп, 


M. Livesay, ro ject. Manager 
Fire Control Systems Laboratories 
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A Division of General Е 182 PO File 967-5 
Dynamics Corporation 
San Diego 12, California 


Pa #4 Attention: Мг. М. М. Fox 

Ty Subject : Weight and Balance Report for the MG-10 System in the Е-102А 

OT час 

x | 3 Gentlemenr 

bae: Enclosed are six (6) copies of Hughes Aircraft Company's У0-10 System 

2 “зә Weight Report Number 463000-416, dated 15 February 1956, which we under- 
1 Stand has not previously been transmitted, 


А weight increase of about 25 pounds is due mainly to the addition of 


new units: 
a و‎ Radio interference filters in the radar system. 
а-а RFeUHF tuner and multimeter test unit іп the data link system. 
(prm ap : 
Total weights are as follows: 
Net { 
і $ . 
г Electronic. Components 1045.25 lbs 
Installation Provisions 323.47 lbs 
e(c lbs 
APX-26 and APX-27 FIS Components and 
Installation Provisions 71.26 lbs 
TOTAL WEIGHT 1139,98 lbs 
Total weight of first MG=1LO Weight Report (dated 
31 March 1955): 1311.78 ibs 
Weight Increase: 28.2 lbs 


да | Cory 4/а دم‎ Very truly yours, 

Солто. беру ш/о Ее, ' 

Cutt у} ое бк | Copy WEL ec, ( 

куб سے ہز‎ “Cori W. 4 Буве: 
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M, Livesay, Project Manager 
Fire Control Systems Laboratories 
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Convair 

A Division of General 
Dynamics Corporation 

San Diego 12, California 


Attention: Mr. W. W. Fox 


Subject: Meeting Between Hughes and Convair on Support of Convair's 
ХМ0-14/Ұ-102А Flight Test Program 


Gentlemen: 


Attached to this letter are the minutes to the meeting of 13 June 1956 
between Convair and Hughes on support of Convair's XMG-1l/F-102A 
flight test program. 

If there are any questions regarding. these minutes, please call 

D. P, Wilkinson, Extension 3708,or D. W. Knoll, Extension 3988, at 
Hughes Aircraft Company's Culver City facility. 


Very truly yours, 


M. Livesay, Project Manager 


Fire Control Systems Laboratories 
ML: DPW:1f 
Attachment 


If enclosures are withdrawn (or not attached), 
the classification of this correspondence will 
be cancelled. 
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CONCLUSIONS REACHED AND ACTION AGREED ОРОМ: 
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Program Schedule, Location and Responsibility 


Radar Installation.and Check-out 


НАС will answer Convair letter МЕ: МА: сст 6636920 and state 

the HAC pesition on the six weeks! installation time and the 
delivery of fire control systems, It is the feeling of HAC 

that a minimum of six weeks is required for installation and 
checkeout instead of the four week period planned by Convair. 

НАС will ship fire contrcl system black boxes to the installation 
site at least one week prior to installation. HAC understands 
that Convair concurs with this action and HAC will inform 
interested parties to the Douglas, HAC, Convair, Air Force 
agreement of 20 December 1955 concerning system deliveries. 


Convair, Palmdale, expressed doubt that adequate space and 
support facilities would be available at Palmdaie for performing 
the installation task due to insufficient aircraft parking space 
and the simultaneous build-up in the Ғе102А production programs 
The Convair Project Office will promote a management decision as 
to whether this task will bs performed at Palmdale, San Diego or 
2 and inform HAC of the status of the situation by 22 June 
19 


Convair requests that mounting racks, "A" components, be shipped 


to San Diego for installation and will advise HAC as to where the 
"B" components are to be delivered, 
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Flight Test Support - 
13 June 1956 


A misunderstanding exists in the area of installation responsibility. 
HAC has no contractual agreement for performing the installation 

of black boxes, It also stated that Convair inspection on the 
aircraft would normally require Convair installation. Convair 

will review this area for clarification. Convair: representatives 
agreed that the only HAC assistance required during aircraft 

wiring installation would be on an "as needed" basis. 


Instrumentation Installation and Checkeout 


Based on receipt of a purchase order from Convair, HAC is unable 
to provide instrumentation equipment until mid-November 1956, 
This is approximately one and one-half months late for Convair's 
requirements, Convair Flight Test will study the possibilities 
of beginning flight tests prior to installing instrumentation, 
НАС Instrumentation Section (Activity 2h) will re-evaluate its 
schadule in hopes of improving the five and one-half months | 
delivery time. Convair Project Office will be notified by phone | 
of any improved delivery schedules. | 


Convair will have the responsibility for performing the installation 
and check-out task. HAC Activity 2h will assist Convair during 

the installation and check-out task and will assist during the 
remainder of the program as needed on a "call" basis. 


Flight Acceptance 


It is understood that a conditional acceptance will be required 
for accountability purposes oniy and that this is to be а 
Convair responsibility. HAC pointed out that "conditional 
acceptance" should be well defined and agreed upon before the 
acceptance takes place. 


Miss evaluation is to be a Convair responsibility. 


The demonstration is to prove the compatibility of the F-102A 


aircraft, the XMü-1ll fire control system and the МВ]. armamento 

HAC has complete responsibility for fire control system maintenance. 
HAC responsibility ceases when timing and firing signals are 
properly generated to the Douglas rail launcher and Convair 
ejection mechanism, Convair will provide aircraft armament 
circuitry supporto 


Auxiliary Equipment Support 


1. 


НАС responsibility will includes 
(a) Fire control system spare black boxes, 


(b) Spare bits and pieces for system maintenances 
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(c) Special test equipment for radar system maintenance> 
Convair responsibility will include: 


(a) Ground power and cooling equipment for the radar maintenance 
test bench installation. 


(b) А11 aircraft maintenance equipment including ground power, 
cooling and harmonization items, 


Convair provisioning of the above equipment is to be guided 
by the requirements of the MG-3/1799 Weapons System Demonstration 
Programe 


Convair will provide equipment necessary for support of 
instrumentation, including items obtained by purchase order 
fron НАС Activity 2h. 


Facilities Requirements 


le 


2o 


The main point of discussion here was a hangar, (indoor) versus 

a trailer-housed fire control system maintenance facility. HAC 
advised that a trailer maintenance test bench installation would 
be superior to an indoor facility, based on the success of the 
М1-3/1799 Weapon Demonstration Program, Convair will advise 
HAC as to their intentions in this area by 22 June. 


HAC presented the following requirements: 
(a) Installation and Check-out Phase 
(1) One trailer for maintenance test bench. This trailer 
is to be eight feet by thirty-five feet, outfitted 
similarly to that provided for the М0-3/1799 program. 
(2) One trailer for GFP stock room. This trailer is to 
be eight feet by twenty-six feet, outfitted similarly 
to that provided for the №-3/1799 programo 
(3) Temporary Storage = 100 Square Feet 
(b) Flight Test Phase at Holloman 


(1) Same requirements pertain as in Section С, Part 2 (а), 
1 and 2 above, 


(2) Temporary Storage ~ 250 Square Feet. 
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(3) It is anticipated that aircraft fire control system 
maintenance at Holloman will be performed in the CVAC 
hangar with the HAC hangar facilities being available 
for possible emergencies. 


(c) In the event that indoor areas are substituted for trailer 
facilities, similar space requirements will exist. 


(d) It was recognized that the radar installation and check-out 
phases for the two aircraft are sories functions; therefore, 
two maintenance test bench facilities will be necessary, 

It was noted that опе trailer facility would suffice for 
the program in the event that bench space is available 
lndoors to support a second system during installation and 
check-out, 


Do Pilot, Familiarization and Availability 


lo НАС roofhouse facilities will be available for familiarization 
of Convair pilots after 10 July. Convair will give HAC two to 
five days notice of Convair pilot availability for familiarization 
at HAG. 


да НАС informed Convair that in order to meet its commitments the 
aircraft must be in flight status and the pilot available for 
qualitative verification flights of the XMG-L) system after 
installation and ground check-out. Convair indicated that they 
realized this necessity. 
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A Division of General 
Dynamics Corporation 


San Diego 12, California Cry pmf £ «Дъбене. 

Attention: Мг, М, W: Fox уйе өлен بے‎ 

| | РЫН, қ; МАС. ge 

Subject: , Study of Environmental Temperatures in the 7-2024 2260 Z 1799, 
Missile Bays of Aircraft #1388 pe | 


А conference оп 5 April 1956, between Convair and Hughes representatives 
reviewed the problem of the F-102A missile bay temperatures occurring on a 
hot summer day and under conditions of high speed and low altitude. The 
discussion brought forth the possibility of a lack of one-pass capability 
during this condition, The question was not resolved to the satisfaction’ 
of either group. 


In order to obtain more data pertinent to this missile bay problem | 
Hughes has initiated a test program in aircraft #1792 for the purpose, of | 
stüdying thermal time lags, Another aircraft capable of high speed is 
required to complete the collection of sufficient data for a positive 
evaluation of this temperature problem. Aircraft assigned to Hughes are 
not suitable due. to speed restrictions. 


E 
; 


The aircraft which would meet the speed requirements and be capable 
of performing this test on a ride-along basis is #1388, We understand 
this aircraft is presently undergoing modification and installation of 
instrumentation and that this work is scheduled for completion this 
summer, at which time all the speed fixes will be incorporated and the 
speed restrictions will not apply. 


The tests required are at high speed (0.95 Mach) and at low altitude 
(5,000 to 10,000 feet) over desert regions. At least one dummy missile 
should be mounted on a l&uncher in опе bay (one in each bay if possible) 
and the temperature monitored at the location of the missile motor throigh- 
out the flight. Temperatures should be monitored in each of the missile 
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Page 2 
bays to determine the compartment ambients under the following conditions: 
(1) missile bay doors closed; and (2) missile bay doors first on an 

| automatic armament cycle and then followed by a twelve second manual 
armament cycle. Air temperature on the ground, both in the sun and in 

the shade, should be noted as well as the ambient temperature at flight 

altitude. This test should be made on a hot day when the ground ambient 

is 100-110°F. The fire control system should be operating in "ON", 

Two to three flights are desired for this data and it can be accomplished 

on а ride-along basis. 
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At the completion of the aforementioned tests, Hughes representatives 
| would review the data with Convair representatives to determine the action 
| required for this problem, 


Very truly yours, 


а ont 


M, A. Livesay, Project Manager 
Fire Control Systéms Laboratories 
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Air Force Plant Representative 
Hughes Aircraft -Company 


Attn: SBRA l 
Culver City, California ۲۴ 
Convair 

A Division of General Dynamics Corporation 
Attn: Мг, И. М. Fox 


San Diego 12, California 


Dear Mr, Fox: 


Per request of Mr, Charles J, McBride, Hughes Aircraft Company, a 
we are pleased to forward for your retention twelve copies of our 
| report M-106 "Cockpit Controls and Displays, MG-10 Fire Control 
System", 


| We hope this report will be useful in the planning purpose for 
| the F-102A/MG-10 weapon system. 


If in the future we may be of any 


| assistance, please don't hesitate to call on us again. 


RECEIVED 


Very truly yours, 


JUL 7 Б 1956 HUGHES ATRORAFT COMPANY 
imine 
ЕС лам ! 
| R, M, Murray | | 
| Administrative and Services Department | 
Fire Control Systems Laboratories | 
2 = 4 | 
RMM: PWKD real "EC РТ | 
PE M e ыз ұз 8 gy gu реа з г, 
FPR Ott писа ید‎ бел, буза, | 1 : 57 i i > } 3 | ait E 
A ice, anvair iv. of Gen. Dynamics, p 23 ¢ ч ж * E % ç 9 5 : 
San Diego 22, Calif_____ NEC WM | ДИ 3 à Au В B. 28 ¢ Š d Dou Ao ud 1955 


Ани! ДЕ Adm. 
Parth Sales. 


СЕЙ Groüp 
"E R ed 


То: Convair - 4 Div. of Gen. Dynamics, San Diego, 


JAMES F. MCCARTHY, ir. Colonel, USAF 
AE Plant Representative 


IF ENCLOSURES ARE WITHDRAWN 

{Ой ARE NOT ATTACHED}, THE 

CLASSIFICATION OF THIS CORRE- 

А.. SPONDENCE Wikt 6 ВЕ E CANCELLED, 
ф- 7 


CONFIDENTIAL 
TBR 


RECEIVED 


CONFIDENTIAL ., 
HUGHES 


Weapon бола Development Laboratoris 


HUGHES AIRCRAFT COMPANY ۰ CULVER CITY + CALIFORNIA 
Tetephonos: EXmónt 8-271] * TExas 0-771 


00 7 4 June 1956 
кслсс 2) 
E я | In Reply Refer 
| f 192 PO File Noz-: to; 4135-269 
I | Ce Garo ran el 
Convair F Zu = T 


A Division of General 
Dynamics Corporation ZZ; “Ж ы 
San Diego 12, California 2 len 

Subjects Alert Conditions F-102B/MA-1 


Reference: Convair ltr WWF:RAK:cem 6-311 dtd 11 May 1956, 
same subject 


Gentlemen: 

In reply to the referenced letter and in confirmation of the 
agreements made by HAC and Convair representatives on 1 June 1956, 
tne alert conditions chart which you asked us to review is satis- 
factory with the following revisions: 

l. Add the word "standby! in parenthesis under "Cockpit Alert". 


2. Move the asterisk from the third line, column I to the lst 
line - Cockpit Alert*. 


3. Add the word "Cooling" after "External Heat. and/or" in the 
column titled "Condition". 


h. Add the words "start ої" before "take-off" in two places - 
5th iine, column I. 


5, Add a rote at the bottom of the chart, "The aircraft must 
remain stationary for the last 20 seconds of the là minute 
period. 

6. Change the 2nd note to read, "There will be a time delay of 


approximately one (1) minute after nose gear retraction. 
béfore full combat capabilities are realized. 


۶2 1 à 13 


TIAE 


- о 


|. HUGHE 7 ПЕТА 


Weapon Ста Development Laboratoris 


Ref: [135-269 
Subj: Alert Conditions F-102B/MA-1 4 June 1956 
Page 2 


7. The asterisk note should read, "No additional equipment or 
personnel will be required other than that required for the 
5 minute alert except that the MA-l system may be in the 
warm condition. 


Very truly, yours, 
Ж 


и. V ic ёт, Project Manager 


Fire Control Systems Laboratories 
WFE KWC : bp 


Кв At 


- > O LOG NO, 24-479, 


| 

| 

| 

| 

| 4 
№ ү g We RA Futons ото ФИО УЛ v 


| HUGHES AIRCRAFT COMPANY ۰ CULVER CITY + CALIFORNIA 2 РА 
1956 Tolophones: Lo 2111ء‎ ۶ TExos 0.7111 Е 
_ өдө, UR? Pium 
En М 28 . 
PROU C f - РА: T CUBE Reply Refer 


4 Р S a E Ол М 
F 104 8% {7 9 اوخ‎ Ё / E ñ " 35 266 

" وٹ‎ SG 
Convair ive hg by LORS OCA алыл. 
À Division of General... ni: Tp “Sq 
Dynamics Corporation 75 6 ین‎ Фағь ہیں‎ PA, جس‎ e. E 
San Diego 12, California / ENEN 130. err sae 

i ария 

Attention: Мг. М. W. Fox * 67 


Subject: Snake Mode Characteristics, MG-10 Fire Control 20 
References: (a) Ltr, HAC to Convair #130-1213 dtd 24 Feb 1956; 
same subject 


a test 


í Ше 


; 


(b) Ltr, НАС to Convair 130-1511 dtd 30 Apr 1956 S. ^ Now S 
Subj: F-102A Angle of Attack Transducer BI. ےد‎ l 


p 12. 


Gentlemen: 


д, c 
72 


1559 ; 
Reference (a) stated that the Snake Mode of the MG-10 Fire e Bos. 
Control System is mechanized such that the Drop and Jump terms "S PLC a 
increase in magnitude with Range, thereby indicating a course AS lu p 
to the target which is above a straight line (humped course). MIS 


Reference (b) contains instructions for correct alignment ot 
the F-102A Angle of Attack Transducer and clarifies the requirements 
for properly connecting this Transducer to the Air Data Computer. * 


i АА. `‏ بنا 


The Hughes Aircraft Company has completed studies which du 

indicate interceptor trajectories that may be expected if tne system 

is correctly aligned and estimates the contribution of range 

saturation, errors in jump, drop and the elevation line of sight 
rate to this aberration. Additional error due to the possibility 
that the leads from the Angle of Attack Transducer may be reversed 
has aiso been considered. 

x 

| 

| 


It has been concluded that, for the MG-10 Snake (lead-pursuit) 
Mode, the range saturation in the computer is not a major cause of 
interceptor humped courses; when the system is properly aligned, 
only minor humps result. However, large humps may result if there 
exists errors in alignment, bias in ےئا‎ (elevation line of sight 


rate) or incorrect ang Th ; T j ۵۵ 


- 2 т“ г 2 "5 2 Т 1 P| I : Ë i yi 6 | Фе | | 
HUGHES B x 


| р НА و‎ 7 


Ж е Раве 2 Ref: 4135-266 
| š 1 June 1956 
Subj: Snake Mode Characteristics, 
MG-10 Fire Control System 
| The following graphs are enclosed herewith for your information: 
| 1. Relation between true Jump and Jump with alpha leads 
| reversed (Figure 1) 
| 2, Interceptor Trajectories, Angle of Attack Error 
| (Figures 2 and 3) 
3. Interceptor Trajectories, Range Saturation (Figure Hh) 
lh. Interceptor Trajectories, Errors in Jump/Drop (Figure 5) 
5. Interceptor Trajectories, Line of Sight Angular Rate Bias 
(Figure 6 
Very truly yours, 
M. A. Livesay, Project Manager 
Fire Control Systems Laboratories 
ML: JCI: bp 
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CONFIDENTIAL 91 
N HUGHES RIRCRRFT COMPANY | 


CULVER CITY 
CALIFORNIA 


25 May 1956 
ر‎ 
In reply refer to 


| 

| 

| 

| 0063 
SUBJECT: Contracts AF 33(600)-27013 & AF 33(600)-29902 

| ECN HUG(E9/MG-10)-0063, Improve Air Data 
Navigational Computer Self Test Capability, 
p/o МЗ-10 and MG-10T Aircraft and Weapons 
Control Systems 


| 
| 
| 
{ А 
THRU: Air Force Plant Representative 
| San Bernardino Air Materiel Area 
| Hughes Aircraft Company 
Culver City, California 


TO: Commander 
Air Materiel Command 
АТТЫ: MCPER-F 
Wright-Patterson Air Force Base, Оо 


| 
REFERENCE: (а) ANA Bulletin 391, 3 November 1950 
(5) Approved Interchangeability Lists for subject contracts 


! 

| 

| 1. Іп accordance with the provisions of references (a) and (b), the 
Contractor submits herewith the subject Engineering Change Notification. The pro- 


56H~4747/0600 ЕСН HUG(E9/MG-10)~- 


duction portion of this EGN is being incorporated under the provisions of reference (b). 


| 2. The Contractor requests confirmation of Air Materiel Command con- 
currence with this ECN by 9 Juiy 1956, 
| 


3. It is recommended by the Contractor that a call be issued on or 
ore 24 August 1956, under the then current call contract, for the Technical Order 
proposed. 


9 с” 
ا‎ 


HUGHES AIRCRAFT- COMPANY 


Жа е” 


p 


С. D. Howland 
| | Contracts Manager 
со: МОРЕН-Е - 1 orig 6 10 cys 
| WRMT - 10 cys If the classified enclosures аге 
; ADC - 2 cys withdrawn (or not attached) the 
Ійсіз: ЕСМ HUG(E9/MG-10)-0063 w/Exhibits A & В classification of this corres- 
AMC Form 118B (WRAMA) pondence will be cancelled. 


HAC Dwg. Nos. 650562 Issue 2, 650419 Issue 2 

НАС EDRA!a "В" for 650562, "С" for 650419, "2" for ES 1-619, 
про for ES 1-618, "р" for 463013-200, "р" for 466013-200 

Test Spec. 1-635 Release 2, Issue 1, "1-627 Release 3, Issue 2 
Equip. Spec. 1-619 Release ا‎ 1-618 Release 2 


CONFIDENTIAL 


ри ар س .ہے س س‎ g 


HUGHES AIRCRAFT CO. 
CULVER CITY, CALIF. 


ENGINEERING CHANGE PROPOSAL . 
FOR.USE WITH AWA BULLETIN WO 391: 


Article In Production |(Leave blank) 


bi [ Yes Я No = 
می‎ of complete Art و‎ Temper etch Mod ре 
sel i Фи 
с uter, Navigational = Air рафа p/o VATES 295 تا‎ E coc: 
Part or Lowest Sub-Assemb!y affected Nomenclature: | Part No. and Model or Typellt any) 
Hid P/N 650419-4 


| 
ter, Test Adapter, 
tionnal = Air D&ta; HUG P/N 


lada | Test 
lature of change This change affects the Миы АА A 3 
5 i Bet ply; Adapter» Test, HUG 
още Wy Servomechanisms Inc. 


163013-100 and HUG P/N 466013-100, 6 7 پا متا‎ 


Class Ко. (Leave blank) 


P/N رواو‎ which is в vendore 


GFP affected. 
О» Га 


Date Required at Contractors Plant 


eck трае compat=; 


Ф jut 5 change (Check опа) 
ib ec ol System Self-Test. 


requested ву “ps in 
Init lated Ву ‘contractor Gal 


For ما‎ information, refer to attached |For: 


1. Compliance with new or revised 
speci? teat Гоп по. 
2. Flx for RUDM or UR Project Wow 


check Үү Items Listed Below Affected By Cha ge ' and "m Та Block B or by an Exhibit 


Spare е parts | Ки | 
bi purability | 
Шеш C Ж 
teh following. 


роте ications may Pub ко, Pub. NO. 


ще سے ب سے ہے ہس سے کل ہم اث ہے ہم‎ J > а: ee ہے‎ m m жайты э» Q => = “` ق‎ то oe “s 


Est inated praductlon effectivity point or ۷۶۶ tirs 80 "ate 
Refer to attached Exhibit A, Line 9 


Does contractor recomend that change be made retroactive on art clés Н | 
already delivered. [XD ves ГЫ но. 
No modification kits are required. 


Is service bullet 
recommanded. 


Yes 


Reasons for توق 6 ور‎ ions: 


Refer to attached Exhibit A, Line 10 


Lines ii and 12 below Блат? be completed only for changes when the contractor recommends or the procuring service 
pirects that the change will be retroactive. 


Estimated Price of Modification Kits or Parts (For purpose of allocation of funds) 


. Refer to attached Exhibit B, Line ы 


Estilmated man-hours | Source of Parts ` | Approximate date first kits and partswill be 
o Not applicable available Refer to Exhibit A, Line 12 


M ish ВА 


in the. article 


"(Pj Procur Ing Service _ ela 
БӘ FORM 695 


$ 


през AIRCRAFT -— Q 


я 25 May 1956 

То: Commander, AMC 

Subject: Contracts AF 33(600)-27013 and AF 33(600)-29902 | 
ЕСМ HUG-(E9/MG-10)-0063 Improve Air Data Navigational Computer Self 


; Test Capability, p/o М0-10 апа MG-1OT Aircraft 
and Weapons Control Systems 


EXHIBIT A 


| 

| 

| 

tine h: "Nature of Ch А 

- - 

OBJECT: To notify AMC of this minor deviation change in preduction at the 
effective point cited in Line 9; and to recommend the retroactive 


incorporation of this change into units delivered prior to the 
| effective point cited in Line 9, 


| This change affects the Computers, Navigational - Air Data, HUG Part No. 
463013-100 and HUG Part No. 466013-100, by reworking Subassembly, Adapter, Test, 
HUG Part No. 650419-4, which is a vendored item manufactured by Servomechanisms, 
The. The change consists of replacing the following resistors: 


Item Resistor From | To 

1 R-3 310.5 ohms 303.9 ohms 
2 R=} 86.4 ohms 93.0 ohms 
3 К-Т 185.5 ohms 178.3 otims 
n R-8 105.0 ohms 112.2 ohms 
5 R-10 88.8 ohms 96.2 ohms 


All Subassemblies, Adapter, Test, HUG Part No. 650h19-h, incorporating 
this change will be identified by the modification symbol "MDL." 


| No modification kit will be required for-this change. The nature of 


this change is such that it must be done by the manufacturer. These subassemblies 
should be returned to HUGHES RMD (WEMD) for transmittal to the manufacturer, 
Servomechanisms, Inc. 


| No parts are added or deleted by this change since rework will be done 
аа 


Aircraft Cabling ів not affected by this change. 


-2- 


| 


| 
| 


DIE 


| HUGHES AIRCRAFT COMPANY 


May 1956‏ 25 د5 
То: Cdmmander, AMC‏ 
Subject: Contracts AF 33(600)-27013 and AF 33(600)-29902‏ 
ЕСМ HUG-(E9/MG-10)-0063 Improve Air Data Navigational Computer Self‏ 
Test Capability, p/o МС-10 and Мб-10Я Aircraft‏ 
and Weapons Control Systems‏ 


EXHIBIT A (CONTINUED) 
Line 5: “Reason for Change" 


The basic reason for this change is to m&ke at-flight check points 
compatible with the Fire Control 9, Self-Test. 


During Systems Test it was discovered that approximately fifty percent 
of the systems were not passing the self test condition 2 (high altitude). Systems 
engineers investigated the problem and found that a change in the Air Data Navigat- 
ional Computer was necessary.since the original design center for the at-flight 
test condition 2 (high altitude) was not in line with the rest of the system self 
test. 


The random tolerance variations, with respect to direction (+) from the 
design center, caused the high rejection rate mentioned above. By changing the 
parameters involved it was possible to shift the design center of the computer 
in line with the rest of the Fire Control System, thereby effecting a solution 
to this problem. 


Spare Parts Exhibits are not affected by this change. 


Line 8: "Publications Affected" 
Т.О. 11Ғ1-М010-2-1 Т.О. 11ғ1-М010-2-3 
Т.О. 11Ғ1-М010-2-2 Т.О. llFl-MClO-2-h 


Handbook of Service Instructions, 116-107 


"Firm Production Effectivi Point" 


| 1. „Те firm production point of this change made in accordance with the 
latest applicable approved Interchangeability Lists, 15 unit serial numbers 36, 48, 

58, 6 61, 70, 76 and subsequent on Computer, Navigational - Air Data, HUG Part No. 
{68013100 and unit serial number five (5) and subsequent on Computer, Navigational - 
Air Data, HUG Part No. 466013-100. 


[LN 


г 


We 


| HUGHES AIRCRAFT ۹۴ - 


то: Commander, AMC 25 May 1956 


Subject: Contracts AF 33(600)-27013 and AF 33(600)-29902 
ECN HUG-(E9/MG-10)-0063 Improve Air Data Navigational Computer Self 
Test Capability, p/o MG-10 and MG-lOT Aircraft 
and Weapons Control Systems 


Í | EXHIBIT А (CONTINUED) 


Line 9: "Production Effectivity Point" (contirued 


| 2. In accordance with definitive business for production, and the 
effective point cited above, this change will be incorporated in seven hundred 
and forty-eight (748) h63013-100 production units, and fifty-eight (58) 466013- 
100 production units. 


| 
Line 10: "Reasons for Recommendations" 


| It is recommended that this change be retroactive on Computers, Navi- 


gational - Air Data, HUG Part No. 163013-100 апа BUG Part No. 466013-100, to make 
ithe "At-Flight Check" points compatible with the system self test. 


| It is recommended that all unmodified units be forwarded to Hughes RMD 
(WEMD) аф the time of normal depot overhaul for transmittal to the Vendor for 
rework. It is further recommended that a Record Type Technical Order be issued 


te establish authority for the transmittal of these units. 


| Recommended Т.О. Title: "Air Data Computer Self Test Capability, HUG 
Part No. 463013-100 and HUG Part No. 466013-100, p/o MG-10 and MG-10T Aircraft 
and Weapons Control Systems (HUGHES)." 


| 
line 12: "Kit Availability" 
| 


Since this modification will be made by the manufacturer, Servomechanisms, 


Ine., no kits will be delivered to the Air Force. 
I 

The Vendor, Servomechanisms Inc., can modify approximately 10 units per 
week and requires three weeks turn around time. Processing time at Hughes RMD 
ili be 5 working days. 


= 
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HUGHES: AIRCRAFT COMPANY + CULVER CITY + CALIFORHIA 


RECEIVED Telephones: EXmont 8-2711 * ТЕхоз-0-7111 ма | = 


NI 9 May 1956 
MAY 29 71986 
In Reply Refer To: 
“ре. 1138-1075 
== `, 
سے‎ 
Convair | Е 102 РО File но 
A Division of General 
Dynamics Corporation 
| San Diego 12, California | 
| Attention: Mr. М, М, Fox 
| | Subject: Evaluation Techniques Pertaining to 
po. | СТАС XMG-1] Flight Test Program 
4 > 
ود سس‎ Gentlemen: 
АНЯ, 
dbi. During & conference between Convair and Hughes representatives 
= | on 5 April 1956, Hughes agreed to provide Convair (E. Havens) with 
ga i written material on the recommended techniques to be used to obtain 
555025 Dry Run Miss Evaluation Шы. the Convair XMG-l) МВ-1 Flight Test 
"m Program, 
ais | In ассогдапсе with this agreemerit two copies of each of the 
| following three documents are attached: 
"— | 
| 1, "Flight Test Evaluation of the Universal Computer". 
MI ` 
Вси | 2. "Preliminary Report on Missile Miss-Evalüation Techniques 
P | То Be Used in lead-Collision Co-Altitude Tests Against 
1 | Aircraft Targets", 
m 3. "A Technique for Measurement of Fire Control Launching 
3 E Error on Falcon. Snap-Up Attacks". 
quit eng, 
f oo The above listed documents should provide the proper background 
pem information to assist CVAC in establishing XMG-1) Miss-Evaluation 
чы” techniques. The first document contains general information concerning , 
| methods employed and problems involved in flight test of a fire control 
CH system. Though the evaluation techniques described in this first - 
document are not current this document should still provide valuable ы 
background information. Тһе second document details the procedure 3 


formerly used for Missile Mode Miss-Evaluation on programs such ав the 
MG-10 Demonstration on aircraft No. 1799. The third document covers 
the technique presently being employed for Missile Miss-Evaluation 


CONFIDENTIAL 


as as ia ии‏ مم سس e‏ ےہ سے 
ОН‏ 
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CONFIDENTIAL 5 


Weapon Systems Development Laboratoris 


HUGHES 


Convair Lane 3 1138-1075 


Subject: Evaluation Techniques 9 May 1956 
Pertaining to СУАС XMG-1, 
Flight Test Program 


(both snap-up and co-altitude) and is the most applicable available 
technique to the MB-1 Evaluation on the ХМ0-14 program. 

А document is currently being prepared detailing a miss evaluation 
technique to check the HAC Fire Control System in the Long- -Range 
Rocket (МВ-1) Co-altitude Mode. Since this document will be ді rectly 
applicable to the ХМО-Щ Evaluation, it will be forwarded to EE 
immediately upon completion. The interceptor instrumentation required 
for this latter miss evaluation technique is as follows: 

1. True Time Base 

2. Pitch Angle 

l. Boresighted Strike Camera 

5, Frame Exposure-True Time Correlation 

6. Firing Signal 

7. Radar Range 

8. Radar Range Hate 

9. Angle of Attack 

20. Ballistics 

11. Scope Display Camera 

12. True Air Speed 

13. Magnetic Heading 

li, Firing Pulse 

15. 300 Volts Reference for Synchronizer 


16, Angle of Sideslip 


CONFIDENTIAL 


о CONFIDENTIAL “ 
HU G HES 
Weapon Gystoms Development Laboratoris 


| 

| 

| 

| .Convair -3- 1138-1075 

| Subject: Evaluation Techniques 9 May 1956 
Pertaining to CVAC XMG-1) 

| Flight Test Program 

| 

| 

x 


Instrumentation required in the target for this miss evaluation technique 
is as follows: 


1. True Air Speed 
2. Magnetic Heading 


A review of Convair's flight test documents for the XMG-1) system 
tests is currently being.made in order that Hughes recommendations can 
be prepared regarding XMG-1 instrumented signals, The recommendations 
Will be based on the following objectives: 


l. To obtain information for use in trouble-shooting the fire 
control equipment on а quick-look basis. 


2. To obtain information required to conduct a miss evaluation 
on the XMG-1h System (the quantities needed for this evalua- 
tion are outlined in the above paragraph). 


3. To obtain information required for a thorough analysis of 
XMG-1) subsystem functions. 


On completion of the HAC review of the Instrumentation 115%, 
Convair will be notified and a joint Hughes-Convair discussion of the 
XMG-1l program will be effected. 


| 

| 

| 

| 

| 

| 

| 

| 

| When the attached documents have been reviewed, Convair should 
contact Hughes (J. 0. Gray, Extension 2835) to arrange a time for a 
separate discussion of the miss evaluation technique to be used in 
the XMG-1) Flight test program. 

x 

| 


Very truly yours, 


| 
М. А. Livesay, Project Manager 
Fire Control Systems Laboratories 


MAL: JOG :sm 
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in 
RECEIVED 


AUG 2 1956 


| 

глог | 
PROJECT 

OFFICE 


At the request of اہ‎ 0 AMC, this Contractor is pleased to - 
furnish the following data related to the incorporation of the GAR-X 
Missile into the MG-1l A&WCS and МА-1 Interceptor Aircraft & Weapons 
Control System. . . 

The Mcr dn" of the GAR-X Missile into the Ms-1h A&WCS will ` 
réquire the addition of the new boxes in the ×× ARWCS set forth 
in enclosime 1A attached hereto. By redesign of the 004 and 036 ` 
units 24 will be possible to eliminate опе each of these units from 
the MG-14 system. A redesign of a portion of the existing MG-14 
A&WCS Armament, Auxiliaries will also be required, but it is not 
anticipated at this time that the redesign will affect the form 
factor of the units. 


The incorporation of the GAR-X Missile into the МА-1 Interceptor Air- 


eraft & Weapons Control System will require the addition of the new 
boxes in the MA-1 Interceptor Aircraft & Weapons Control Systems set 


forth in enclosure 1 Part B attached hereto. This incorporation will 


also involve a redesign of a portion of the existing МА-1 Armament 


Auxiliaries but it is not agticipated at this time that the redesign 


will affect the form factor of the units. 


7 А W. А. Van Allen 
BLS: gg Assistant Manager, Contracts 
Enc. (2) т 


0 HDENTIAL Q o prg 


AIRCRAFT COMPANY ۔‎ ۷۵ А 
Кари ` RECEIVED 
23 July 1956 AUC о 1956 
Іп reply refer to: =. 
568- 6676/1200 کے‎ нощен 
Ww Fo kK ктен 
тоб уйг Во ERT 
For Action as Indiosted O 
For Reply 0 
Comment & Return to 
Contract Administration Ü 
For Information 0 
p. لے‎ | | LONE RS uL 
`КЕМАВНИЗсЬ: | Incorporation of the GAR-X Missile 1880 thegopy to 
` MG-14 A&WCS and МА-1 Interceptor Aircraft & T /3 со 
| Weapons_Control System | File: 3 of 17: = E ior 
= С tract A nis 
Gentlemen: Е 102 PO File №2-3 on 422 4 
ہے‎ ud m ph 


gsl" 


CONFIDENTIAL | JUL 3 0 1956 


Ще‏ - ور ر 
LOG NO. 24-57222‏ 


HUGHES AIRCRAFT COMPANY: + culver CITY < CALIFORNIA. 
Teléphónes:EXmónt. 8-271] + TExos 0-711 


16 July 1956 


In Reply Refer 
To: 1114,1-40 


Е 102 ® О File М2 > 


Convair 

А Division of General 
ics Corporation 
San Diego 12, California 


Attention: Мг. We М. Fox 


Subject: . MG «10/F-109A Hughes ECP 0080: Armament Control Panel, 
Wiring Changes Required 


Gentlemen: 


There are certain wiring changes which must be made in the 
Armament Control Panel in order to complete the incorporation of 
Snap-up by Hughes ECP 0080. 1% is required that trigger voltage 
be made available to the fire control system when any of the three 
missile selections or the rocket radar selection is made, At 
present, the Trigger Transfer relay which provides Hughes circuits 
with trigger voltage is only energized when the pilot has selected 
ПОРТ" = GAR-2 missiles. 


Because of the requirements for ground testing and ary runs 


independent of the position of the Master Arming Switch or the 
nose landing gears 


Informal coordination with Mr. J. Lievens of Convair has 


‘resulted in agreement that the Trigger Transfer relay can be 


rewired so that trigger voltage be provided to MG-10 circuits 
under the above conditions, 


Be 2 
ti 


"E 
ace 


Weapon Сата Develspment Laboratories 


НАС Litre 114.10, dtd 16 July 1956, Subject: "Ма-10/Р-102А 
Hughes ECP 0080: Armament Control Panel, Wiring Changes Required", 
Page 2 


The above changes in the aircraft are mandatory when Hughes 
ECP 0080 1з incorporated. Formal Convair concurrence is 


requested. 
Very truly yours, 
М. I4vesay, Project Manager  . 
Fire Control Systems Laboratories 
| 
ML: JAP :8 jj 


в 7 


28 Systems Development 
HUGHES AIRCRAFT COMPANY, + CULVER CITY < CALIFORNIA um 
Telophones: EXmont 8-2711 + TExos 1 " 


23 July 1956 
In Reply Refer 


| ў To: 110.18 
| Е 102 PO Filê Naza о: / 


Subject: Transmittal of Bimonthly Progress Report"; 
XMG-1h, Development Program | 


Thru: Air Force Plant Representative 
Hughes Aircraft Company 
Attn: SBRA — 
Culver Gity, California 


То: Convair E Lm 
À Division of General Dynamics Corporation 
Attn: Mr, W, М, Fox 
San Diego 12, California 


Dear Mr, Fox: 


.  Enelosed is one (1) copy of thé Hughes Aircraft Company's 
Bimonthly Progress Report Number XMiü-1h-2-P on the XMG-Ll Aircraft 
and Weapons Control System covering the period from 1 March 1956 
to 1 May 1956, 


The report submitted summarizes the current status of work 
being performed under Item 1 through 9 of contract AF 33(600)-31568, 
Enclosed with the report is a classified document receipt, Please 
sign and return this receipt to пз» 


Very truly yours, 


RECEIVED HUGHES AIRCRAFT COMPANY 
1534 о, 
«тр - СЕ. 
| is Z< = =. 
| в Фа P. Wake Dietrichson 
Fre Administrative and Services Department 


Fire Control Systems Laboratories 
PWKD:eal 


Encl: 1 copy XMG-1l-2-P 
1 document receipt 130 


ЦЕ ENCLOSURES. ARE WITHDRAWN 
(Оп ARE: МОТ ATTACHED), THE ! 
CLASSIFICATION OF THIS CORRE A 
| ЗРОНОЕНСЕ WILL ВЕ CANCEL 


57۴08 A207 


Т есета АСЕМСУ 


ہیر جوا رفس АР Plant‏ 

М Division of General Dynamics Corp. Hughes Aircraft Company 

Attn Hr, We We, Fox _ Culver City, California 
Зар Diego 12, California, 


Each entry ‘waved below will. агаве : а 07 and 2, Number of Indorsements: Nuriber of aplis and 
äts: In'closurés, and will be separated ‘by: +< horizontal line сору jriümbers óf each and other unclassified identifying 
drawn from miárgin to margin. Each entry will inélude: data (as applicable.) 


3. Number of “Inclosures: Subject (short. title; if sub- 
1. Bacdbdaa- of Bade: Material File number ape ject, ЫК clus. n) and other че identifying, ilata; | 
‘(number of copies апа copy numibers,) source, addressee, date, (4 шіре даа = OE س دی‎ жиш شر ا ریو‎ Susb 
ارت‎ (short. title, if subject "is classified; ). 


” 


% Date: of latest action. 
+838 OF DOCUMENT (S). (Avoid any ‘identification «hich"might nécessitaee classification of this receipt.) 


| 
HAC-Districhson -(Orig ltr & 2 сув) dtd 23 July 56 = Ref #l10,1/8 
1 г XIG- 1lj 2P 

| 

| 

| 

| 

| 

| 

| 

| 

| 


RECEIVED 
SEP -7 1956 


_ F-to2 
PROJECT 
OFFICE 


| TOTAL NUMBER OF ENTRIES LISTED: , 
RECEIPT FOR DOCUMENT (5) DESCRIBED ABOVE Is ACKNOWLEDGED 


| TYPED NAME, GRADE..OR, TITLE 


| DATE RECEIVED 


САҒ «Шы. 310а 
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"HUGHES 


001051051111. LS 106 могло 


Weapon Gyslems Development ° 


HUGHES AIRCRAFT COMPANY + CULVER CITY + CALIFORNIA 
Tolaphones: EXmont 8-271] s TExos 0-7111 


2h July 1956 


T 
OFFICE 


= р ег i 
ga 


бол%ол 
' Carlsa 


| Е 102 PO Fila Me z-3 
Convair, 
A Division of General 


Dynamics Corporation 
San Diego 12, California 


Attention: Mr. М. М. Fox 


Subject: Cooling Requirements for MG-10 
Cooling in F-102A Interceptor 


Gentlemen: 
1. Enclosed аге two copies of the preliminary | 

HAC TM-l08 which describes the cooling of the Mü-10/P- T MEER 

System. It, is believed that Е. A. Stephenson will Rested 

in reviewing the contents prior to publication. 


5; | 
Fire Control: Syste / Laboratories 


ML/CTS :pf 


If enclosures are withdrawn (or not attached), the | 
classification of this correspondence will be canceled. 
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elec 28 
RECEIVED Weapon ystems Development RP 


JUL 738 1956 NUGHES“AIRCRART COMPANY + CULVER CITY ‘CALIFORNIA 
I Tela phoóas: EXmoat 8۰3711 + ТЕкав 0-711] 
Futon 
енаааст Q Tnn , 


In Reply Refer 
Tos. 1182-11 


Convair, 

A Division of General 
Dynamics Corporation 
San Diego 12, California 


Attention: Мг. М. W. Fox 
Subject: Transmittal of Data, МА-1 
Gentlemen: 


Attached is à list of Hughes Aircraft documents being transmitted 
with this letter, These docüments ¿re for your information and use in 
installing the Aircraft and Weapon Control Interceptor System, Type 
MA-1, in the F~102B, 

-The outline and mounting drawings ropresent a first release of I 
installation data, Drawings for units not included in this ‘transmittal’ 
are being prepared, for shipment, 


. Master Index, Revision "G", plus EDRA "Н" is the latest equipment 
list for the МА-1 system. ' | 


Your attention is called to drawing 64017501 and the Master Index 
which are classified Confidential and packaged separately. 


Very truly youri 5; 


Control Systems Laboratories 


۲ 1 ^ Eicher, 0+01 Manager 
p E 


? 


(If enclosures are withdrawn (or not 
attached) the classification of this 


correspondence is cancelled.) 
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- Attachment to 1182-17 ‚29 June 1956 
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Outline and Mountin ; Drawings 


= -, бшкл. Mel. 
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01006-500 
101011-520 
01079-511 
101112-50 
4O1113-510 
401212-510 
101213-510 
101416-510 


63227-510 


4,6),004-501 
164104-501 
6,305-501 
16905501 
164101-501 
16017-501 
46024-5021 
Ц6Ц035-501 
16135-501 
464045~501 
1612 55-501 
ҢЫ 155-501. 
464955-501 
464162501 
Ц64190-501 


Master Index 


464,000-200 


EDRA "H" for h64000-200 


` Aircraft Wiri 


464000102 
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HUGHES AIRCRAFT COMPANY » CULVER CITY + CALIFORNIA 
Telephones: EXmont:8-2711 * TExas 0-799) 


5 January 1956 


| In Reply Refer 
T سرت‎ to: Tor 1138-8141. 


ч. 


C LAS 
„18-66 
k pate ЕС 
و وی‎ ч ELLY АТВ. т pate $ 
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yndmics Corporation 
San Diego 12, Cali: 


Attention: М. М. Fox 
Subject: Hughes Requirements for Test. Data from the СТАС F-102B Test Program. ` 


Gentlemen: i RS ٢۳ x * 

Ihe МА-1 program is critically dependent upon receiving at the times indicated, 
certain specific information on (1) aircraft performance, (2) the aircraft environ- 
atal conditions to which the MA-1 System (including missile armament) will be sub= 
jected during flight, (3) the ПНЕ and Leband antenna crosstalk and radiation patterns, 
ҲД) the calibration of aerodynamic sensors, (5) the time history and environmental 
conditions of armament handling equipment such as doors and launchers, and (6) the 
time history of rocket and missile armament position subsequent to: firing. This 
letter attempts to set down all the HAC requirements for data from the CVAC F-102B 
test program. Errors, omissions, deletions, and additional requirements will be 
submitted as soon as information becomes available. 


This information is desired by HAC from the CVAC tests of the F-102B air- 
plane to evaluate the basic aerodynamic stability and control parameters of the 
aircraft. This information will directly affect the design of the automatic 
flight control system, and serves the dual purpose of (1) verification of pertinent 
windetunnel and theoretical data, and (2) establishment of certain response 
functions which cannot otherwise be reliably estimated. 


B. Type of Information 


а. Co-altitude Tests 


type inputs of symmetrical elevon deflection (pitch), asymmetric elevon 
deflection (roll), rudder deflection (yaw), throttle position (speed/ 
altitude), and armament акене, Flight conditions for measurement 


Information їз needed on aircraft response to ө appropriate step or pulse 
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OQ CONFIBELTIA: О 


R ada. 


of above responses are described in Table II, The numbers in Table ТІ 
(for example 1 ~ 2)) refer to item numbers describing instrumented and 
derived quantities as listed in Table I. Tt is suggested that all 
Aircraft Performance runs start with 5 seconds of stablized flight, and 
that recording continue for 10 seconds after introduction of the control 
input for pitch and armament-extension runs, 15 seconds for roll and 
yaw runs, and 30 seconds for speed/altitude runs, 


To simplify data processing, the pitch and yaw damping systems are 
inoperative during the above runs, but for flight conditions which 
might be dangerous without such artifical aids, the tests may be made 
with the damper systems engaged, 


Except for the armament extension and pull-up and zoom runs, the infor- 
mation should be presented in three forms: ۱ 


` (1) Time histories 
(2) Frequency-response plots (Bode‘-type plots). 


(3) The derived dimensional stability derivatives, particularly, 
Zoe» 26 و‎ Ма э Mp › Ma + Mas Ye و‎ Ifas Фуз La و‎ L Sas 
L г ір» Lps Na و‎ N وو‎ КГ.) Nps Nye 


Armament-extension and pull-up and zoom runs may be presented as time- 
histories only. . E 

All data should be referred to normal body reference axes, Frequency- 
response data should be computed at intervals of 0,1 radian/sec from 
zero frequency to twice the frequency of the short-period oscillation, 


Each run should be accompanied by information on airplane weight, center 
of gravity, and moments and product of inertia. If at all practical, 
the test aircraft should be swung or oscillated in its basic loading 
conditions in order to provide reliable moment and product of inertia 
figures ° 


In addition to the above dynamic-response data, 1% is also requested 
that trim angle of attaek and elevon angles be measured and presented 
as functions of Mach number and altitude, 


Speed vs, altitude G curves, thrust coefficient, and drag coefficient 
of the aircraft performance are also desired, 


Two runs of the type specified at each of the flight conditions for 
Aircraft Performance (as shown in Table II) should provide sufficient 
data. These conditions assume that there will be no external stores 
and that speed brakes normally will be used only for adjusting the 
overall drag level. 
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(ТАС F-102B Test Program". 


b. Pull-up and Zoom 


Certain specified pull-up and zoom climb characteristics are of primary 
concern, Flight conditions are shown in Table II, One good run, at 
each flight condition specified, is required. 


The pull-up maneuver should be made with no roll or yaw and a load 
factor of 3.7g or the g's specified by maximum structural limit, which- 
ever is least. Each pull-out flight path angle should be held until 
angle of attack equals 20°. 


The pitch, yaw and roll dampers should be engaged, the launchers should 
not be extended, and the aircraft weight should be as close to combat 
weight as possible. 


If above ceiling or zoom mission flight tests: are carried out in the 
CVAC flight test program time histories of the following items of 
instrumentation from Table I would be useful: (1%, 3%, Ц“, 5%, B, 9%, 
10, 11%, 12%, 13, 1h, 16, 17, 18, 22, 23, 2). 


С. Instrumentation and Analysis Notes 


The following suggestions regarding instrumentation are based on experience 
with tests of this type 8° НАС. 


If standard CEC ose Llograph-type records are made, +3 inches of trace 
deflection for bi-directional variables, or 6 inches of trace deflection for 
uni-directional variables, should correspond to the physical ranges specified 
for Aircraft Performance in Table Т, Instrument threshold should not exceed 
l/hO0th of the total specified range. Paper speed should exceed 3/٥٠ 


lf magnetic tape recording is employed, data processing and conversion 
units should be designed to give at least comparable results. 


The correction factors discussed in section IV of this letter must be 
taken into account when using aerodynamic sensor derived quantities before 
processing data. | 


Outputs of some instruments, particularly accelerometers, tend to be 
noisy. While this may not affect system performance when used as a feedback 


element, it can cause a great deal of trouble on records which are read visually. 


It is therefore good practice to (1) locate such instruments at structural 
vibration nodes, and (2) filter all such outputs with a cut-off at 8 or 10 cps. 
This will eliminate most structural-vibration effects without introducing ex- 
cessive lag in the recording of the rigid-body motions. 


z ۱ 


Most important quantities, 


CONFIDENTIAL 


—- “4 


ЕЕ ЕЕ 
š | ы” CONFIDENTIAL © 
ES Weapon Сабина Development Laboratories Page four 


Letter 138-811 Dated 5 January 1956, "Hughes Requirements for Test Data from 
مات‎ F-102B Test Program", 


x Rate gyros with potentiometer-type pick-offs have a record of poor reliabil- 
ity. Iàmited experience with gyros with AC type pick-offs has justified placing 
much more confidence in this type of instrument, 


Receipt of the above data by June 1957 will provide the necessary lead 
time for the HAO development program, 


HAC 
the 


II | ENVIRONMENTAL CONDITIONS 


8. Object 


These environmental data required by HAC are fivefold and the objectives 
are as follows: 


(1) determine ambient operating temperatures in compartments in which 
HAC equipment will be operated. 


(2) determine the effectiveness of the low pressure pneumatic system in 
the distribution of cooling air. 


(3) determine the frequency and amplitude of vibration to which the HAC 
equipment will be subjected under various tactical conditions. 


(4) determine frequency and level of audio noise in various compartments. 


(5) determine loads sustained by the missile airframe during certain 
prescribed maneuvers. (Captive flight load tests.) 


Be Type of information 


(1) Temperature = In the presence of MA-1 System boxes (not necessarily 
operative) the temperature of the available cooling air must be determined in 
the following locations: 


“ 


а, Main nose plenum (6 points) | Ti = 6 
b. Aft electronics compartment (9 points) Ty - Te 
ce Armament bay (l points) | T46 - Tio 
d. Cockpit (1 point) Too 

е. Vertical fin compartment (АРХ-27) (2 points) 121s Too 
f, RH Main Wheel Well (1 point) | 123 
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Exact location of all the above listed thermocouple points will be supplied 


by HAC upon receipt of equipment installation drawings from CVAC, 


Temperatures shall be measured during high speed and loiter as described 
in Table ІІ. During loiter the aircraft must maintain airspeed and altitude 
for ten minutes in order to allow readings to stabilize. The aircraft must 
maintain airspeed and altitude for at least five minutes in order to get valid 
temperature readings during high speed runs. One good run, at each temperature 
flight condition specified in Table II, is required. 


(2) Air flow measurements = These measurements require the presence of 
all МА-1 System racks and boxes which use cooling air. The boxes, however, 
need not be in an operating condition. 


Transducer probes should be installed in the ducting system to measure 
pressure in the low pressure pneumatic cooling system. The measurement methods 
used by CVAC in 7-102 #1799 gave results which would be satisfactory if re- 
peated on the F-102B program. 


Àn alternate method for determining flow to individual racks or units 
(e.g. ducted units in the aft compartment) is to usé only Pitot tubes referred 
to compartment static pressures, These differential pressures can be compared 
to the measured pressure characteristics of the equipment to determine the 
mass flows, This method permits the measurement of large differential pres- 
sures and requires only one static probe per compartment, 


Test results should show pressure and/or weight flow at each measuring 
point for 5,000, 15,000, 35,000 and 50,000 ft. Each measurement should also 
include the air temperature in the pressure probe vicinity, Weight flow of 
cooling air may then be calculated, | 


Locate a pressure probe in each duct line to each equipment bay as 
follows: . 


а, Aft electronics compartment, Ру - Py 

De Cockpit, Ре 

с. Vertical fin compartment (APX-27), Р. апа Рр 
Я. Forward missile bay, Po and Р, 

е. Main nose plenum, Pj, = Pu 
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(3) Vibration - Measurement of vibration levels to which the МА-1 equip- 
ment is subjected (including dummy GAR-LA or GAR-1C missile) is necessary. 
One good run, at each vibration flight condition specified in Table п, 15 
requirede 
“Data should be recorded during: 
2. Level flight (including transonic buffeting) 
3. During armament cycling | 
46 Landing 
5, 2 = G Turn 
Recording capability of from 5 to 500 cps should be provided for trans- 
ducer and recording equipment except for equipment associated with missile and 
launcher rails (where frequency response from 5 to 1000 eps is required), 
Approximately 10 points (У10. to V49) are needed to instrument missile 
vibration data, Instrumented missiles for this purpose will be provided by the 
missile laboratories at HAC, Other vibration transducer locations are as follows: 
1, Bulkhead station 0.9, V 
2. Shear web between 40.9 and 122, Vo 
3. Engine accessory compartment, V3 
he Aft electronics compartment structure, Vj 
5. Base of vertical fin structure, Vg 
б. Control column in pilot's compartment, 76 
T. Stable platform mounting, Vç ` 
8, Missile bay structure, Vg 


9, Missile bay doors, Yo 


x - 
gh vibration tests should be accomplished with instrumented dummy missiles loaded 
oh the launchers. 
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(lh) Audio noise = The amplitude and frequency of audio noise in several 
compartments is needed. Опе good run, at each flight condition as specified 
for audio noise in Table II, is required. Measurement techniques which permit 
omnidirectional measurement of noise levels from 85 to 185 db over a frequency 
range of from 0.2 to ЦКе will provide the needed data, 


Microphone pickups in the following positions are required: 

l. Radome (forward of the antenna), Ay I 

2. Pilot's compartment, A, 

3. Right and left sides of nose compartment (aft of the RT unit), A, and Aj 
he Right, left and center of the missile bay, Ар» Ay and А„ 


5.. Base of the vertical fin, Ag 

Time history of noise should be made under the following conditions: 
1. Warmup and takeoff 

2. Buffet and high speed 

3. During armament cycling 


Sound levels of interest are generated by aircraft operation, and presence 
or absence of the МА-1 boxes is not considered a significant factor. 


(5) Captive flight load test = It is necessary to make captive flight tests 
to assure the structural adequacy of the missile in the captive flight condition, 
Further, the fundamental modes of vibration for the missile supported on the 
launcher are desired for fatigue and flutter calculations. 


At least two flights will be required, one each with a missile in the front 
and rear bays, Тһе first flight should be at low altitude at high speed, and 
the second flight at 35,000 feet and at maximum speed, Maneuvers of the tó ` 
-lg will be performed, 


The loads on the missile during its descent from the bay and in the extended 
position are required, The vertical and side loads as well as the moments about 
the center of gravity of the missile will be measured by a special missile 
instrumented with strain gages. The completely instrumented missiles for this 
program will be furnished by the missile laboratories at HAC. 
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С. Instrumentation Notes 


Experience at HAC in attempts to secure data with wide frequency response 
Characteristics with CEC galvanometer methods are ineffective; therefore, the 
use of magnetic tape in those instances is essential. 


(1) Temperature - The rate of change of temperatures is relatively slow 
and as a result, may be economically recorded on a CEC oscillograph. In 
addition, the separate measurement points may share a single recording channel 
by time sharing and suitable signal identification. 


Maximum recorded temperature tolerance is +2°0, 


If used, the CEC recorder should be operated at a speed of at least 1 inch 
per second, If other recording methods are used, they should yield comparable 
accuracy and resolution results. 

(2) Air flow measurements = Similarly to temperature measurements, air 
flow measurements are of a nature which will permit time shared recording on 2 
а CEC oscillograph. 


With each pressure probe calibrated in its installed position in its duct 
the measurement accuracy should be sufficient to allow the mass flow calculations 
to yield results within + 5%. 


If used, the CEC recorder should be operated at a speed of at least 1 inch 
per second, If other recording methods are used, they should yield comparable 
accuracy and resolution results, 


(3) Vibration - Most vibration signáls yield more reducible data if re- 


corded on magnetic tape as opposed to CEC galvanometer recorders. Therefore, 


it is strongly recommended that all vibration recordings be made on magnetic 
tape ° 


Recording techniques mst permit band pass capabilities of from 5 to 500 
cps except for data collected from missile transducers, This second category 
requires flat frequency response from 5 to 1000 cps and those points requiring 
the additional coverage are definitely determined as being Signals from trans- 
ducers delivered installed in the speoial missile provided by the HAC missile 
labs. 


The desired form for presentation of the data is as acceleration densit 
plots (g 2/9 vs. frequency), Duplicate acceleration уз. time records оп 1/2 
inch magnetic tape are required. These may be re-recorded on the ground after 
the flight. 
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ANTENNA RADIATION PATTERNS 


TIL: 
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Maximum recorded vibration tolerance is + 5%. 

Magnetic tape speed should be at least 7.5 inches per second, 

(4) Audio noise = HAC range and accuracy requirements for microphone 

pickups are met by omnidirectional condenser microphones made by Altec Lansing 
(Model 2188 series are recommended), 

(5) Captive flight load tests = The comparatively slow rate of change of 
the data will allow the use of CEC galvanometer recording of strain gauge outputs. 
А maximum of 25 channels will be required for this data, 

Frequency response of recorders should be flat from О to 100 CPS e 

Tolerance of instrumented data should be + ۰ 


If بالات‎ recordings are used, the recorder should be operated at a speed of 
at least 3.5 inches per second. 


De Scheduling 

Receipt of the data for the separate phases of the Environmental Conditions 
by the following dates will provide the necessary lead time for the HAC 
development program. | 

(1) Temperature (with MA-1' System operating) - December 1957 

(2) Air Flow Measurements - June 1957 

(3) Vibration - June 1957 

(h) Audio Noise - June 1957 


(5) Captive flight load tests, - December 1957 


Ao Ob; | ect 


The required radiation patterns are necessary data for HAC in order to | 
evaluate the performance of the TACAN, ПТ, апа UHF communications systems, 
The requirements аге twofold and the objectives аге as follows: 


(1) Determine radiation patterns of L-band antennas, Determine degree of 
isolation between L-band antennas, 


(2) Determine radiation patterns of UHF antennas, Determine degree of 
isolation between the UHF and L-band portions of the tail-cap antenna, 
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Be Type of Information 


(1) L-band patterns and isolation = A three dimensional coverage plot 
of tail-cap, top, and belly I-band antennas is required. 


The radio frequency isolation of the following L-band antennas during 
actual flight is required. 


ae Top and belly 
be Таі1-сар and top 
с. Tail-cap and belly 


The measurements should be made at four equally spaced frequencies in the 
TACAN-IFF portion of the L-band and should be a measurement of transmitted power 
to one antenna versus received power in the other (including the effects of 
normal cable lengths) while the aircraft is aloft. The measurement accuracy 
should be + 1 db. 


(2) UHF radiation patterns and isolation - A three dimensional coverage 
plot of the two UHF communications antennas is required. Since these patterns 
are presumably to be taken by CVAC for CVAC use, no test conditions or methods 
are specified.here, 


Ihe effect of radiation from the L-band portion of the tail-cap antenna 
on reception on the ОНР portion of the tail-cap antenna is required, This 
measurement should be taken as induced power in the UHF portion from radiation 
by the L-band portion. Measurement accuracy of + 1 db is desired. 


С. Scheduling 


Receipt of the above data by August 1957 will provide the necessary lead 
time for the HAC development program. 


Тү | AIR DATA 
Ae Object 


The information on air data will directly affect the design of the air 
data computer, The information needed will be used to correct sensed quantities 
of (1) local angle of attack, (2) indicated total temperature, (3) indicated 
Static pressure, and (h) indicated total pressure. 
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(1) The calibration of the angle of attack sensor is assumed to be such 
that the true angle of attack, x y is related to the indicated angle of attack, 
«а» thru а = а; f QD + ó. (M). 


The desired form of this calibration is a curve of f, (М) and a curve f. QU) 
each plotted as a function of Mach number M, The accuracy required is such^that 
« is given by means of the above relation to within + 0, 159 


(2) The temperature T of the free air is computed from the indicated total 
temperature, T', by the relation 


Т = I Йз(М) 
1+ 0.2 Ме К 


where К is the recovery factor of the bulb and where the desired form of the 
data for f4(M) is a curve of Й.(М) plotted as a function of Mach number. Тһе 
accuracy should be such as to allow the computation of T by the first relation 
above to within + 5 


(3) The static pressure, Pg, is computed from the indicated static pres- 
Sure, Pai; by means of the relation: 


ЙМ) Psi 


The desired form of the data is a curve #1(М) plotted as a function of Mach 
number, The accuracy should be such as to permit the computation of P, by means 
of the above relation to within + .25 inch of water. 


(4) The total pressure, Py, is obtained from the indicated total pressure, 
Ру, by means of the relation: 


Р = #200 Ра 


The desired form of the data is a curve fo(M) plotted as a function of Mach 
number, The accuracy should be such that Pt can be computed by means of the 
above relation to within * 0,25 inch of water. 


В. Туре of Information 


It is assumed that each of the foregoing sensor calibratiorsis a function 
of Mach number alone, This means that the calibration is not a function also 
of other quantities such as angle of attack or side-slip, that it is not noticeably 
influenced by moveable armament or doors, and that it does not change from air- 
plane to airplane of the same configuration. It is important to check the 
validity of these foregoing assumptions as soon as possible in the Е-102В, 


The angle of attack and angle of side-slip will be measured contirmously 


during the air data tests.  Armament and armament doors will be cycled to note 
effect on recorded functions f4 thru f. 
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The accuracy quoted in "A" above is based on the assumption that the Mach 
number is known to + 0.005. 


Attempts should be made to minimize errors due to lag in data recording, 
especially since attack courses requiring violent maneuvering of the aircraft 
will be necessary. 


С. Scheduling 


Receipt of the above data by June 1957 will provide the necessary lead 
time for the HAC design and development program. 


V TIMING OF WEAPON HANDLING SYSTEM 
А. Object 


To facilitate the correct design of weapon preparation signals, the time 
history of the launcher mechanisms for GAR missiles and D? rockets Should be 
provided at the earliest possible date, In addition, the delays encountered 
in the intervalometer and firing circuits are needed, Ths time from applica- 
tion of the fire signal to the armament (including GAR, D) to the first for- 
ward motion of the armament must also be determined, 


Be Type of Information 


Ihe following information is requiredr (1) time history of GAR and р? 
armament position (under conditions of -1 to +36 loading) during the extension 
process, (2) ‘time delay between initiation of the fire signal and the 
application of the fire signal at the sgivo center, (3) time delay between 
application of fire signal to GAR and D“ weapons to the first forward motion 
for each type of weapon. 


(1) The armament position as a function of time under various @ loadings 
over a range of from -1 to 3 G should be made at the extremes of tactical 
altitudes. Tests should include both 02 and GAR armament and should be per- 
| formed from both forward and aft bays, Time from initiating signal to full 
extension is of particular interest, Measurement should be accurate to within 
+ 100 milliseconds. 


(2) А series of timing tests on the performance of the intervalomter and 
associated circuits should be performed to accurately determine the time inter- 
val between the initiating signal and the salvo center, Measurement accuracy 
Should be within * 5 milliseconds, | 
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| (3) Measurements are needed with respect to the time delay from application 


of the firing signal to each type of armament to the time of the first forward 
motion, Accuracy of measurement to within + 5 milliseconds is desired. 


С. Scheduling 


Receipt of the above data by June 1957 will provide the necessary lead 
time for the HAC development program, 


VI | BALLISTIC MEASUREMENTS 


Ао Object 


x In order to compute the correct launching angle and the correct firing 
time it is necessary to Кпом the external ballistics of each of the two possible 

| armament (1) GAR-1A and GAR-1C missiles and (2) Ding Dong rockets. The effect 
of drop on each of the armament is assumed to have been determined from ground 
firings, The other significant contribution to motion of the armament is its 
jump into the relative airstream. 


(1) The "Method for Airborne Determination of Armament Jump Angle" 
(HAC 1138-600) is recommended for determination of the mechanized ballistic 
jump of the GAR armament. 


Iwo groups of missiles fired one at a time should be launched as follows: 


No. Missiles Altitude Mach Noe Aircraft G-load 
8 12,000 ft. 0.9 +3 and =1 
6 12,000 ft. 1.1 +1 
9 maximum maximum +1. and -1 


EV missiles for these tests will be provided by the HAC missile laboratories, 


(2) The Ding Dong rockets should be test fired using the same program 
and evaluation methods as described in (1) above. 


с. Scheduling 


Receipt of the above data by June 1957 will provide the necessary lead 
time for the HAC design and development program. 


HUGHES ATRCRAFT COMPANY 
WEAPON SYSTEMS DEVELOPMENT LABORATORTES 


| 
W, F, Eicher, Project Manager 
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NOTES; TO TABLE ТТ 


d 
1. 
| 


2% 


Pull-up and zoom climb characteristics tests, The pull-out flight path 
angle (Ж) should be 10°, 20°, 30° and hO? for each condition listed. 


Mach numbers shown for these tests are based on speed, altitude curves. 
Desired initial conditions actually are top Mach at. each altitude and 
0.9 and 0.8 times this Mach number о 


The pull-out flight path angle (8) should be maximm attainable, 


f functions asked for in these tests are not the functions themselves, 
but points on the function. 


The D? rocket is assumed to be Jaunched similarly to the GAR missiles, 
If other methods are used for D^ launching other instrumentation may be 
required. 


All numbers shown undér instrumentation requirements in this table refer 
to instrumentation items listed in detail in Table I. When indicated, 
these instrumentation items should be recorded as shown in Table 11, 


Turn on all temperature and pressure recorders when airplane engine is 


started and continue recording until airplane engine is shut down after 
landing. 
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Culver City, California 


18 Jamary 1956 


in Reply Refer 
Tor «1071. 


Contract AF33(600)-23100. 
Electrical Requirements for | А 
Ground Support of the MA-1/F-1023 گی‎ 2. 


Air Force Plant Reprasentative 8 COMMA 
Hughes Aircraft Company Ы oto s 
ATTY: SDRC ; 
Florenes Avenue at Teale Stroot қ “е 
Culver City, California T 


Commander Е 102 PO File Ke Z- 3-13 


‘Detachment #1 


На,» Ady Research and Development Command 
ATTN: RDZSP 
Wright-Patterson Air Force Заза, Ohio 


ARDC Letter RDZ-1SPJ, dated 27 September 1955 
This letter is in reply to reference above, | 
Tho six primo forms of electrical power necessary for ground 


100 eps, 115/200 volt, 3 phase, lı wire ECEIVED 
1500 срв, 115 volt, 1 phase, 2 wire | 
28 volt de, 2 wire. JAN 26 56 
+ 200 volt de га 

+ 150 volt de өн Ст 
= 10 volt dc 2. 


The quantity of each of tho above listed forms of power for the 


conditions of Alert Status (Warm), Maintenance, and Calibration are given 
on the attached graph, Figure 1, The values given by ligure 2. under tho 


"Warm may be considered to apply for tha conditions defined by 


Specification WOLEE lel} as "Alert Status", "Start", and "Warm-Up". Ths 
values by Figure 1 under the heading "On" apply for conditions of 
"Paintenanco" and "Calibration" as defined by Spacification WIT 4-13. 
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ПАС ltr 1130-1071, dtd 18 January 1956, Subject: "Contract AF33(400)- 
23101 2 Electrical Requirements for Ground Support of the НА-2/Ғ-100В 
Pare 2 


3, Тһе precise definition of the required characteristics of- 
each of these forms of power must remain subject to posaible change, 
this qualification following necessarily from the devolopmental natura 
of this program, Почетег, the requir mento stated horoin are correct 
аз of this date and may be used with the substantial assurance that 
they wil. be changed only if sono presontly unforeseen developmont 
dictates such chance. 


в. The 00 CPS, 115/200 Volt, 3 Phase, | Wire Power Form 


Frequency - For the system in the "Alert Status”, 
"Maintensnce", or "Calibration" conditions the steady-state frequency 
Shall be lNO cps + 0.5%. Transient frequency deviations shall not 
excesd + 5% and recovery to the + 0.5% tolerance limit shall be within 
1.0 second, Та addition, such transients shall not occur moro 
frequently thon once avery 10 seconds. 


For the “Alert Status” condition, the requirements of 
the navigation and attitude equipment determine the required accuracy 
of frequency of AC powor, The initial production systems using the 
stable platform - TACAN combination can tolorate a ground power 
frequency error not in excess of + 1%, Nowever, for later production 
Systems using the proposed inertial navigation system, a frequency 
error not in excess of + 0.5% is necessary. Steady-state errors or 
transient errors giving an integrated avorace error in excess of + 0.5% 
will cause.an initial groma position error and consequently in-flicht 
position error in excess of acceptable values. 


For the “Calibration” condition, the integrating rate 
gyros in the radar tracking loops are the most critical items. А 
given percentage of error of the 100 cps power frequency and consequently 
the spin speed of the gyros із reflected in a corresponding percentage 
error of the calibration scale factors, The calculation of the effect 
on the probability of kill is extremely complex, Such calculations ав 
have been made to date indicate a percentage decrease in Py, duo to 
frequency variation of ground supply during calibration of not more than 
1252 for a 0.5% frequency error, and not nore than 3.9% for a 1.0% 
frequonoy erro? o 
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m a 130-1071, dtd 18 January 1956, Subject: "Contract AP33(600)- 


қыл Electrical Requirements for Ground Support of the MA-1/F-102B" 


= Voltage Regulation = The voltage regulation at the 
regulation point within tho aircraft shall not exceed + 2,5%, Note: 
Yt 19 sugpested that external sansing loads ba brought out from the 
regulation point within the aircraft: to tha ground power cart. for 
regulation use. (See discussion under + 200, + 150, and - ЩО V de 
roquironerite paragraph о) 


Volta Unbalance = Voltage unbalances shall not exceed 
1% for all balanced fos values within full lead rating. For gero load 


on two phages and 20% of full load on the third phase, voltage unbalance 
Shall not exceed 


(Percentage unbalance is definsd аз 100 times tho maximum 
deviation of tho lino voltage from the average of the three lins Í 
voltages, divided by tho avorage voltage.) 


Waveform = The voltage waveform for 811 loads from no lead 
to full load and for all power factors of load fram 0.75 lagging to 0,9 
leading shall not contain any harmonic in excess of 5% of the fundamental. 
The line-to-lino crest factor shall be 1.1); + 10% and shall not change 
by more than 10% for a load change from no load to full load and a power 
factor change from 0.75 lagging to 0,9 leading. 


Voltare Modulation - The output voltaze modulation for 
any combination of toads momeioned in the precoding paragraph (Waveform) 
Shall not exceed 1%, Par cont modulation is defined ag 


Е max ~ E min 
We + x 100, 


Phase Relationship = There must be a phase-locked 
relationship totween the ДОО cps and tho 1600 cps voltages. 


Neutral Return = Tho neutral return must be by means of 
в wire roturn with only ona point grounding pornissibie. 


be The 1600 CPS, 115 Volts, 1 Phase, 2 Wire Powor Form 
Frequency = Same roquirements as for КОО eps source o 
Voltage Regulation - Same requirements аз Гог tho 1,00 
cps source. | 
Voltage Recovery ~ Samo requiroments аз for the 100 
eps soured. 
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n ue 1120-1071, dtd 18 January 1956, Subject: "Contract AF33(600)- 
сере È 


Electrical Requirements for Ground Support of the "A-l/F-1085" 


Waveform e Sama roquirememts as Гор the ПОО eps sources, 
tage Modulation e Samo requiremsnta ae for the ЦОО 


Phase Relationship = Sens roquiroments as for the 100 


ding > This source must bs a two wire supply with 
Н permissible о 


в. The 26 V DC Pover Гога 


load vating. Тп аы. the erp Shall recover to, and remain 
within, the ۵856807-6 voltage regulation rango within 0.2 second. 


1.5 volts peak-poak "Tor any Toad valus from zero to үт load, 
Ed „Нове е Тһе conducted radio noise shall not exceed 


The following requiremonts 0 for the conditions of 
“Maintenance” and "Calibration", 


m Regulation = Ths regulation at the regulation 
EIS ҒАРЫ shall not ехсесі + 17, 


more than 10% for 4 Маз 3/0" hango for any load value within the 


Volt age Noise - ‚Тиз peak-to-peak noiso voltage (at the 
regulation point within the airp ) shall not éxeosd the value of 50 
millivolts fer the а. range of 1 eps to 20 ЕС. Рог frequencies 
below 1 cps the allowable maximum rises in a mmer defined аз а 
doubling of noise voltage for each halving of frequency until the 
required level of steady-state voltage regulation is reached. For 
frequencies above 20 KC the allowable maximm noise level shall not 
increase at а rate mors rapid then а doubling of noisa voltage for a 
doubling of frequency up to the frequency of 100 КС. For the frequensy 
Fange from 100 KC to start of RF spectrum the noise level shall not 


exceed the 100 KC value. Гог НЕ noise ‘the requirements of MIL-I«6100 
ghali apoly. 
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НАС dtr 430-1071, dtd 18 жемде 1956, Subject: "Contract AF33(600)- 
23101, Electrical Requirements for Ground Support of tho MA-1/F-1023* 
Page 5 


a adanca > The above values of поза voltage 
must not be excaeded ior the “Sondition of loads varying by an amount of 
AT = 200 ша and at patos equivalent to 0.1 cps and up through the RF 

spectrum. This consequently requires a source impedanca of E/ OT = 
0,25 ohms for the frequency rango of 1 eps to 20 KC and correspondingly 
higher values as allemble ripple increases, 


x lo Tho ripple and 4mpedanco values given above must be 

at the point of power utilization of esrtain oritical loads, ali of 

тен ero grouped in the nose aroa of the aircraft and oupplied from a 

| nearby carmon load regulation point. The mimimm practical gonorator 

to utilisetion area feader impedance әхбеейв the required valus of 

sources impedance. Consequently, the steady-state regulation (by means we 
of generator field regulator) and the transient regilation (by means 

ef electronic “Clampacs”) ero performed at this lead regulation point. 


2% із recemmonded by HAC that the regulation, both steady= 
state and transient, be dona at the samo point for the ground support 
condition аз is ubiliesd for tho in-flight condition. This can bo 
dene by using the Clamacs within tho aircraft foe the transient 
regulation aad by bringing cut to the ground cart leads from tho 
$nternal regulation point for steady-state control of ground cart 
voltage. 


5, Tè 18 algo further recommended for Maintenance and for 
Calibration воп ото that a ground support cart be used having 
@lestrical characteristics similar to those of the airborne powor 
supply. This would give maximm assurance thet oritical in-flight 
factera would not. һата errors introdused by ground calibration power 
| vartaness, "his desirable feature can bs secured by using the Clampaces 
within the airfracs and by using ground cart generators and regulators | 
identical оғ very similar to the power supply units in the aircraft. 


б. It 4s also further recommended for tho periodic ohsek=out 
(daily, twiea а week, or as experience indicates) of aircraft being 
held in the Alert Stetus that provisions be made for running the power 
generators in tha sircrai, through the medium of the generator 
constant Spsed drive devico,. This would thus give a cheek of four 
important 10005: ths constant spesd drive, the generators, the 
generator regulators, and the Clampacs. These determine the accuracy 
of the values of critical porer supply parameters o 


HUGHES AYRCRAFT COMPANY 
WEAPON SYSTEMS DEVELOPMENT LABORATORIES 


Wo P, Eicher, Project Tanager 
Fire Control Systems Laboratories 
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| HUGHES AIRCRAFT COMPANY » CULVER CITY « CALIFORHIA eo. Z y27 " 
JUN - 1 1956 Telephonos: EXmont 8-271) ° TExos 0-7111 P 2 
| tL УФ, Zaa 
S oues 2h May 1956 лл <= Жел» 
PRICE Та Reply Refer РА 2247 Teue, ' 
Е 102 PO File Мо2-5-/3 го: 1130-1663 Желе by, ot | 
Convair مسر ہت‎ 
A Division of General dp open + famed, 
| Dynamics Corporation слага Po e. 


San Diego 12, California Алал ісер 


Attention: Мг. We W, Fox fe «caf, 


Subject: Monthly Weight and Balance Report for the MA-1 System in 
the F-102B 


Gentlemen: 


Enclosed are six copies of Hughes Aircraft Comany!s МА-1 System 
Weight Report Number Ц6Ң000-216, dated 15 Мау 1956. 


A change in the GAR-3/-l missiles (formerly GAR-14/1C) has 
eliminated the need for the frequency mixer in the launcher as well as 
four amplifiers (161166), three couplers (123053), and the RG9/U and 
RG71/U coaxial cable connecting these units. The * gttendarit weight 
saving in the missile auxiliaries is 21.95 pounds. A further weight 
reduction will be reflected in the Convair wiring provisions from 
elimination of the coaxial cables. 


There is an additional weight reduction in the МА-1 System weight 
due to changes in the cockpit items, 


Total system weight - Electronics components 1842.68 lbs. 

| Installation provisions 123.00 lbs. 

Total 2265.68 lbs, 

Weight reduction this month 27.87 lbs. 
" 


Ei L E Project Manager 
Fire Control Systems Laboratories 


WFE :ROL:955 
CC: AFPR/Convair کے ا‎ 
WADC ۸:7" d S AE 
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ENGANEERING! DATA D ASSIGNED TO: DATE 0۷8377 
RELEASE AUTHORIZATION 1 ми? | T. TOMLINSON J. my (7 SHEETS) 
NOMENCLATURE COST ACCT, RELEASE LETTER — THIS EDRA 
ШЕ зе ра МА-1/Р-1028 MAY 56 
| 
- — YT RELEASE LETTER 
2 NEW | REVISED «| ON CURRENT PRINT 15 MAY 56 
SOURCE: DESCRIPTION PATTERN NO. RECORD | AMENDING ! PREPARED BY: | DATE 
VARIANCE | TOMLINSON LOIMAY 56 
сом. | QTY | IND. Е UNIT UNIT SERIAL UNIT SPARES CHANGE 
йб | вефо| ٥ع‎ 0 а АРЕ MED | EFFECTIVITY SSIES B/M NO. | CODE EFF 


1. THIS EDRA 


| ИШЕ С تسا‎ 
AND DRAWING SUPERSEDES DRAWING &61000-216, DATED 15 APRIL 1956. 
WOMACK KICK NUMBERS CHANGE TO 46hxKxX-110. 


3. Ta FORMING سس او‎ OCCURRED жоюш. 
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CONTROL 
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HUGHES AIRCRAFT COMPANY 
FORM 1783 REV, ۶ 


PARTS DISPOSITION: | 


MINOR ۸ 
MAJOR VARIATION ECN NO. 


UNIT EO. . PREVIOUS НЕТОНТ PRESENT WEIGHT REMARKS 
TOTAL ELEC EQUIP. HEFIT. a Ba ^ 0 
"A" COCKPIT 41.25 
| "p" COCKPIT 22.00 
"C" 77 9.00 
6295-0 6.00Е 1.508 
563097 -13100(2) .00Е №.10А 
163023110 NOMEUCI/ T. CHANGED 
161:123-110 KOMENXCLAT. CHANGED 
61623-1210 ROMENCIAT, CHANGED 
464146310 ROEIT. CHANGED 
4616-5110 NOMENCL T, CHANGED 
565051-110 WOMENCLAT. CHANGED 
65051-120 25.008 35.006 ROMERCLAT, CHANGED 
164157-110 15.00Е 10.50Е NOMENCLAT. CHARGED 
1657-3110 NOMENHCL.T. CHANGED 
16557210 UNIT DELETED 
| 6+-110 16.00Е 12.00Е HOMEHCL T. CHARGED 
6323-1110 6.008 10.008 KOMENCI. T, CHANGED 
L6L657-110 8.00Е 10.00Е NOMENCL- T, CHANGED 
h65296-.110 HOMENCLAT. CHARGED 
46h318-110 3.005 NEM ЩИТ ADDED 
89-110 4 .00Е BEY UNIT ADDED 
464267 -110 9 OOE 10.50E 
6263-3210 4 „COE NES UNIT ADDED 
6105-2110 UNIT DELETED 
654580110 UNIT DELETED 
420630-100(4) UNITS DELETED 
Woo тен UNITES DELETED 
UNTS DELETED 
UH 6.008 НЕН UNIT ADDED 
464823-110 7.008 14.008 
SPECIFICATIONS 1 DATE | ENGINEER ! DATE 
CHANGE COORDINATION | Lage ЛАТ, 75/5 
| RP HEAD | 
ЕСР МО. CUSTOMER PARTS APPLICATION | 22 JA v. 7 = 
ENGRG CHG COORDINATION MATERIAL LAB I CHECK | 
| д’ мей 57022 БУД j 5 
ENGRG RECORDS SYSTEMS OR CIRCUITRY | TR iNT SF | 
x РАСС, Бу RE. 7” 7 A A^ 572 Е 


7 ғ © 


> DATE | == sr 
Ka EDRA | 
__ Вот 15 МАҮ 1956 FOR: 463600216 


RELEASE LETTER — THIS EDRA i МА 


HUGHES AIRCRAFT COMPANY 
ENGINEERING DATA 


RELEASE AUTHORIZATION 
| FORM 1749 


REASON &, DESCRIPTION: 


RELEASE LETTER 
1 ON CURRENT PRINT 2$ 6 

PAGE NO. UNIT NO. PREVIOUS WEIGHT PRESENT WEIGHT REMARES 

uz uc | -300(1) GOL NND IDE ES LS UNIT DELETED 
6 464135-110 11.00E 10.008 
6 6501-2310 А WOMENCEAT. CHANCED 
6 46479312110 | NOMENCLAT. CHANGED 
6 1618931-6 NOMENCLAT. CHANGED 
6 469012110 NOMENCLAT, CHANGED 
6 ' - 464092110 NOMENCLAT. CHANGED 
6 16192-110 ROMENCLAT, CHANGED 
6 4641620110 WOMENCLAT. CHARGES 
6 464035-110( 2) 11.005 10.608 
7 101003-200 5.00Е o SOA NUMBER CHANGED 
7 491005-100( 2) 6.008 52604 
7 100 5.008 58 NUMBER CHAIRED 
7 101011-120(2) 12.008 8.205 NUMBER CHANGED 
7 | 1025-110 7.005 Т.В ОА. 
7 | 41033100 1200Е 6.TTÀ NUMBER CHANGED 
7 010795111. 0.50Е 0.3۸ NUMBER CHANGED 
7 4011062100 7.005 5 „ВОА NUMBER CEANGED 
T 401119-110 3.50E 1,504 WUMBER CHANGED 
T 011132110 3.008 3.804 HUMBER CHANGED 
1 401212-110 3.0 3704 NUMBER CHANGED 
1 110 NUMBER CHANGED 
7 
7 
7 
000 31 вис. FOO КООР СОРЛЫ 

122 1 

В.В. ANDRES 12 1309 1 12 1275 1 
GoW. BAXLEY 32 1129 1 D. LOWRY 25 108 1 
ЕЯ. BELMONT 12 1037 1 М. MAXPIELD 
Р.В. CARVER 12 2227 1 3.8. MeCHARLES 12 2021 1 
MoV. 0870:574۸ 12 1509 1 R.M. ВАМІ, 32 1505 1 
Kol. COCHRAN іі un 3 2.8. RUBEL 12 243 1 
D.A. 7 19 1425 1, G Tp, 807587 12 1331 1 
С.Е. РОК. 12 32333 1 L.H. SCHWARTZ 21 2365 2 
Н.М, FULLER 12 199 1 A.M, SHEMET 12 1505 i 
В.М. GAGE 12 1205 1 гот. TOMLINSON i? 1351 3 
А.А. 7 12 2329 25 J.A, WOLF 12 1303 1 
С.Н. 2 6 1171 2 W.B. 5 12 1042 1 
І.Н. JEDEHA 12 1332 2 
М. JONES | le 12337 1 


= у GHES AIRCRAFT СО 
— „ WEIGHT. REPORT МА- 1/F-' A-1/F-102B | „моовь REPON ыс КЕТ 1 
eran әу L^. Tomlinson ` — 13 May 36 464000-216 0 
E РА ко вт -" ----- 
снезкео ву В. Langerud у... 15, Мау 6 N F | DEN ТІ А КЕ 
| WEIGHT | GRIGINAL 
щ: ETWEE | STATUS OF 
SYSTEMS PREVIOUS EIGHT oe TWEEN | WEIGHT | WEIGHT DATA 
SUESYSTEMS STATUS | STATUS | PREVIOUS IREPORT ОТ, Tear. Тато 
REPORT OF STATUS is ка 
| ' REPORT i | ; 
ЖҮН! и 15 APR56 | 31 ост 55 ٭‎ 
МА-І FIRE CONTROL SYSTEM 10 u Би 34 + “= 
__ RADAR .. | ИУ ‚10 | | 01.80 -1 30. С 405.00 1 9h ` , 06. 
220. 20- Г 219.00 - 9 | 204.50 ns L == a 
" Ñ 5. BD (45.50 | 222.50 110 т: 
SOCK R ç Е ۳ -328: 08 - 3.50 چ‎ AE 20 mz s ۲300 ہے‎ m с 
A. RCRAPT T CONTROLS | 92. Trz 8: 90” = 91.50 ` 100. в 
ARMAMENT AUXILIARIES | Jl o E =e -- | 
FLIGHT SENSING | 45: за. TE fu 8-100 — рае E 
Е.Р. 120.00 | Las. 131 4. di 120.50” ce 89 
Ob. | 
kaskaq ss جو‎ ee Te Te = —] 
21.22. 25 | 2.23 25 -- 106 -- = 


| 2.00 — 28 — T 42 | 
------------ 


| 
مس تھے — جو Hep кызы‏ ———— 


| | те КЕК С 
A | i یت‎ | 
| а срна IRAE ہے‎ 


| TOTAL  BLECTRONIC سخ 68 )1842.68 991 .1870 سو سر ہش‎ T.87, 1 1890. 70 аа О 
Г INSTALLATION PROVISIONS | E چک ہے ج2‎ E por 
OR MA-1 [| کچ اج سے ا سے و شش‎ 
а. | INSTALLATION PROVISIONS 1 105.00. | 30.00 325. e жокқа 
SYSTEM ie | ee | маннан مع جا کی‎ 


— —— ———— —— —— фе н — + 


_ MISCRLLANEOUS 18.00 : 23.50 ۱ 100  --| --] 


| EIDENTIAL- کت‎ 


| TOTAL INSTALLATION PRO PROVISIONS | 423.00 | 423.00 ЕГІ oo 


STALLATION PI ЕТІН 
‚ NOTE: = REQUIREMENTS, NUMBERS, & NOMENCLATURE, PER MASTER INDEX #464000- 506 j "G", 
RENCE: FOUR GAR-3 /GAR-h MISSILES = 510. 00 LBS. . 
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E Oe 18 April 1956 
ғ Wf $ 
КҮК / | 
| ١ح‎ | 
WEE X. In Reply Refer 
m ja >> To: 130-1192 


F 109 PO File Noz-3-5 Д ын” ZZ 


LI 


| NC -— 
Convair bg RAK tfe 3973 


A Division of General 
Dynamics Corporation 
San Diego 12, California 


Attention: Mr. М. М. Fox | 
Subject: Transmittal of Data 
Gentlemen: 


. The enclosed data is being sent to you to facilitate the 
efforts of the Weapons System Committee, which Мг. Clyde Grow 
of your organization is working دہ‎ 


I. SUMMARY 


The purpose of this data is to present the MA-1 missile 
preparation program as presently instrumented. The material is 
presented in several different forms and is arranged as follows: 


Ао Missiles 


1. Missile Preparation Program Tahle 
г» Simplified Missile Timing Sequence Chart - Automatic. 
' Firing Mode (Figure 2) | 
3. Simplified Missile Timing Sequence Chart = Manual 
Firing Mode (Figure 3) 
le Simplified Launch Program Chart 
бо Detailed Launch Program Table 
6. Detailed Missile Events Table 
7. Detailed Missile Timing Sequence Chart = Automatic 
Firing Mode (Figure 9) 


wm 
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* 


8. Detailed Missile Timing Sequence Chart - Manual 
Firing Mode (Figure 10) 


В. MB] Rocket 


1.  MB-l Rocket Preparation Program 
| 2. МВ-1 Rocket Timing Sequence Chart 


A. DISCUSSION oF //4-/ SPE Phin rev 


The salient differences between the (۸-1 preparation program 
and programs of previous systems are: 


А. The program includes certain attack modes unavailable in 
previous systems. 


В. In all attack modes the pilot has the ability to prevent 
launch simply by releasing the trigger prior to the delivery 
of the fire signal, (In the manual firing modes, trigger 
depression causes the Extension and Fire signals to be 
generated; in the automatic firing modes, trigger depression 
represents an interlock in series with the computed Extension 
and Fire signals.) 


C. An indication that trigger depression will initiate the 
firing signal is presented to the pilot in the form of a 
range firing mark on his indicator display. 


D, The program is designed on the supposition of the existence 
of a "manual pursuit" switch, to be thrown whenever tho 
pilot desires to manually fire the armament in tho absence 
of a lead collision course committment. (This switch starts 
missile preparation and eliminates the need for a trigger 
with two "on" positions, the first position previously 
being used to initiate missile preparation. The trigger is 
now to be used solely for firing armament о) 


Eo Тһе number of abort criteria has been kept to a minimum, 
(An attack is aborted just prior to initiation of irreversible 
functions in the absence of a "confirm" signal, This signal 
is defined in the logical equations section.) 


Fə Tuning the radar magnetron to the selected missile frequency 
is performed as late as possible in the automatic firing mode, 
(In order to give the enemy a minimum of time for recognizing 
and jamming missile frequency.) 
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G, To minimize missile internal overheat problems, a technique 
has been devised whereby missile high voltage will be 
cycled on and off. 


1 . A Manager 


Fire Control Systems Laboratories 
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Weapon Systems Development Cilboratovies У \ 
HUGHES AIRCRAFT COMPANY + CULVER CITY + CALIFORNIA ХУ) «+ 
Telephones: EXmont 8-2711 ° TExos 0-7111 
30 March 1956 
š О» (TS C 
Convair г” 
А Division of General عم‎ e 


mamics Corporation 
San Diego 12, California 


Attention: Мг. W. W. Е | ath 
а me P Е ive PO File NoZ:5-5 
Sutject: GAR-1A/F-102B Loads, * . 


Reference: Convair Ltr dtd 23 January 1956, WWF:CT: 6-13, Subj: GAR-1A/F-102B 
Missile Loads as discussed in conference between HAC and Convair 
personnel 20 January 1956. 


Gentlemen: 


In accordance with the request made in the referenced letter, our company 
has analyzed the GAR-1A/-1C missile strength capabilities rëlative to the F-102B 
load values presented in that document. The results of the Hughes analysis have 
been made available to Convair informally in inter-company meetings. The 
purpose of this letter is to confirm the HAC position in this matter. 


Our company intends to. provide sufficient missile and launcher strength to 
nit Convair utilization of any of the four configuration options described 
the referenced letter, This agreement is based on the premise that the 

cher support locations remain at missile stations 36.75 and 59.60 and that 
loads quoted in the subject letter remain firm. Changes in either of 

se parameters will require a re-evaluation of the Falcon load-carrying 


abilities. Varus ae 
RECEIVED = 


F.102 | S 4 Nue | 
۱ PROJECT W. Е. Eicher, Project Manager 
i ÓFFICE Fire Control Systems Laboratories 
PGA/rm ; 
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30 March 1956 
In Reply Refer 
to: 4М87/76 
Convair 
A Division of General 
св Corporation 
н Diego 12; California 
е Мг, М. М, Fox 5 
Subject: GAR-lA/F-102B Тонов. 
Reference: Convair Ltr. ata’ 23 January 1956, WWF:CT: 6-443, Subj: GAR-1A/F-102B 
A Missile Loads ad discussed in conference betweon HAC and Convair 
personnel 20 January 1956. 
bs р : 
Gentlemen: 


In accordance with the request made in tho referenced letter, our company 
has &nalyzed the GAR-lA/-1C missile strength capabilities relative to the F-102B 
loads values presented in that document, The results of the Hughes analysis have 
been) made available to Convair informally in interecompany meetings. Тһе 
purpose of this letter is to confirm the HAC position in this matter, 


Our company intends to provide sufficient missile and launcher strength to 
permit Convair utilization of any of the four configuration options described 
in the referenced letter, This agreement is based on the premise that the 
launcher support locations remain at missile stations 36.75 and 59.60 and that 
the loads quoted in the subject letter remain firm. Changes in either of 
these parameters will require a re-evaluation of the Falcon load-carrying 


capabilities, 
Very' truly yours, 
/в/ М. Р, Eicher 
| r | М, F. Eicher, Project Manager 
PGA/rm RECEIV ED Fire Control Systoms Laboratories 
АРЕ -4 19% 
F-10R 
PROJECT 
опре 
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Е 102 РО File Nc 2-3--<s 


Convair 
А Division of General 


Dynamics Corporation | с, РА. 2 Ch, Wey | ) 
San Diego 12, California | 
Attention: Mr. W. М. Fox 


Subject: Transmittal of Data 


Ld 2. 
Gentlemen: AU 
Enclosed are six copies of Master Index Ң64000-200, Revision D. mis 7 70 
index is the latest equipment list of Aircraft and Weapons Control Ар [r3 
Interceptor System (МА-1) for the Е-102В. 3 ВУ 


Also enclosed are six copies of document №61000-216 titled "Weight 
Report MA-1/F-102B", Se 7 


Very truly yours, 


* W. P, Eicher, Project Manager 
Fire Control Systems Laboratories c 


WRM:1f 


If enclosures are withdrawn (or not attached), 
the classification of this correspondence will 
be cancelled, 
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Convair 


HUGHES 


CONF DENTIA 


Loa ю 09-3578 


Weapon Systems Development Laboratories 
Hughes Aircraft Company, Culver,City, California 
Tel, EXmont 8-2711 - TExas 0-7111 


nani د‎ Division 
San Diego 12, California 


Attention: 
Subject: 


Gentlemen: 


Mr. W, W. Fox 


13 January 1956 


7 


Armament, Space in Ғ-102А and ٣-1028 Aircraft 


In reply refer 


to 4М87/18 


As a part of the continuing program at HAC to investigate and 
develop new and improved missiles, consideration is now being given 
to a missile which will in general be larger than the GAR-1, -1A 


types. 


It is desirable for our company to be aware of the armament 


space limitations in aircraft likely to be candidates as carriers. 
In order that we may continue to consider your airplanes as candi- 
dates, we would appreciate information from your company showing the 
space which could be made available to missile type armament, both 
in the F-102A and F-102B. 
such space limitations could be of real benefit to both your organi- 
zation and ours. 


It is apparent that HAC's knowledge of 


In order to be of maximum benefit we would appreciate that draw- 
ings be made available to HAC as soon as possible. 


In addition, as a design aid for general arrangement and launch- 
ing systems evaluation, the use of a scale model of the armament bay 
HAC would like to solicit from CVAC an 
informal comment on your company's willingness to contract for the 
fabrication of scale models (approximately 1/10) of the armament bays 
of both of the subject airplanes. 


area would prove valuable. 


"i 


Very truly yours, 


HUGHES AIRCRAFT COMPANY 


Weapon Systems Development Laboratories 


М. A. Livesay 
Project Manager 
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БЕСЕУ Ер HUGHES AIRCRAFT COMPANY + CULVER CITY + CALIFORNIA 


| Telophones: EXmont 8-271] + ТЕхоз 0-1 2 وص ب7‎ 
1 5 1956 <. — ۶۳۵002۷۶ FF 
FEB 15 8 February 1956 
FOR 
PROJECT š In Reply Refer 
f OFFICE : ١ 2-3-5 с to: 738-96ص(‎ 
Convair + 1 
А Division of General VE < 
Dynamics Corporation š اک‎ 
San Diego 12, California ye 


Attention: W. W, Fox 


Subject: Hughes Planning Concerning Joint Weapon System ' 
| Demonstration in F-102B | 

Reference: CVAC Program Proposal Weapon System 

Demonstration, Report No. 70-8 (Rough Draft) 


Ж 


Gentlemen: 
This letter describes present Hughes planning regarding the Joint Weapon System 
Demonstration to be held in the F-102B 56-46) and to be conducted jointly by HAC апа 
СУАС. 
Ly Modes to be Tested 


| Briefly stated, HAC recommends that the principal МА-1 modes be included in the 
demonstration. The specific modes recommended for inclusion in the program are: 


1. Radar lead-collision, co-altitude, firing runs utilizing GAR-14/1C 
armament and manual steering, E 

г. Radar lead-collision, co-altitude, firing runs utilizing Ding ae 
armament and manual steering. 

В. Optical, true pursuit, GAR 10 firing runs utilizing manual steering. 

| | 


. Modified close control and close control mode navigation runs, со- 
| altitude, and with manual steering. ве а 
5. Pilot assist tests. 

6. Radar lead-collision, co-altitude firing runs utilizing GAR-14/1C 
armament and AFCS steering. 


7. Radar lead-collision, co-altitude firing runs utilizing Ding Dong 
armament and AFCS steering. 
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HAC ltr 138-916, dated 8 February 1956, "Hughes Planning Concerning Joint Weapon 
System Demonstration in F-102B," = Page 2, 


8. Altitude differential firing runs, radar lead-collision with both 
GAR-1A/1C and Ding Dong armament, and using manual steering. 


9. Complete navigation intercept and return to base mission in- 
cluding speed and altitude scheduling and ATLAS. 


B. Tentative Test Schedule 


Тре following is the tentative schedule which HAC recommends for this 


©! 


AF acceptance of test aircraft and 
system (Edwards Air Force Base) 


Instrumentation installation 
(Edwards Air Force Base) 


Test aircraft checkout and weapon 


1 December 57 


1 December 57 - 
1 January 58 


1 January 58 - 


system calibration (Edwards Air 1 April 58 
Force Base) 
| Holloman firings, manual (items #1, 1 April 58 - 
2, 3) 1 July 58 
| (Holloman Air Development Center) 
Navigation and AFCS system checkout 1 July 58 - 
| (at HAC and/or Edwards Air Force 1 August 58 
Base ) 
| Navigation runs, manual l August 58 - 


manual 


(item #1) 
(SAGE at Boston) 


Holloman firings, AFCS 
(items #6, 1j | 
(Holloman Air Develópment Center) 


Complete intercept mission 


9) 
(SAGE at Boston) 
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1 December 58 


1 December 58 - 
1 February 59 


1 February 59 - 
1 April 59 


Pilot assist demonstrations (item #5) can be conducted as ride-along on the 
navigation tests, and no Single block of time need be assigned. No time 
schedule for altitude differential firing runs (item #8) has yet been agreed upon; 
this will be defined shortly. 


——— 
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| Ce Additional Items to be Defined 


, Meetings at HAC are presently being scheduled to define the recommended time 
Scheduling for altitude differential firing runs and to determine the recommended 
number of armaments to be launched per test condition, 


D, Comments on СУАС Program Proposal 
| (Reference) 


Basically, HAC agrees with the CVAC Program Proposal, subject to the comments 
that | have already been made in this letter and subject to the results of future . 
meetings at HAC to define recommended ,scheduling of altitude differential firings 
and о define the recommended number of armaments’ to be: launched,: 


Recommended changes to the CVAC Program Proposal are: 


1. Conduct of navigation mode demonstration with SAGE rather than at HADC 
| (page Т11-1 of the Reference). / 


г. Inclusion of firing runs using both manual and AFCS steering (type of 
steering control not specified in the Reference). 


3» Inclusion of altitude differential firing runs at possibly a later 
date than at the time of first firings (this item should be defined 
shortly ) ° 


4. Inclusion of complete intercept mission (no firing) from take-off 
| until manual flare~out, 


Very truly yours, 


HUGHES AIRCRAFT COMPANY 
| Weapon Systems Development Laboratories 


| VE, 
W. Е, Eicher, Project Manager 
Fire Control Systems Laboratories 


WFE/JJM: su ` 
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In Reply Refer 


4 to: 4138-893 

uu RECEIVED- 5, 
onvair 
А Division of General FEB 10 956 ^ Cony L Keny, 
Dynamics Corporation بے‎ Z 
San Diego 12, California "dos 

PROJECT 

OFFICE 


Attention: W. W. Fox 
Subject: Description of Tasks for F102B Airplanes. 
Gentlemen: 


The following is a brief description of the tasks to be performed 
by HAC requiring the three F102B airplanes for which bailment has been 
requested. This information is presented to provide CVAC with a better 
understanding of the HAC requirements and to help clarify that these 
tasks are not redundant with respect to aircraft allocated to other. 
agencies. i 


PRODUCTION F102B NO. 2 = S/N 56-15 


AFCS, MA-1 


Prior to the delivery ог this airplane, all flight test 
development of the automatic flight control subsystem by HAC will 
have been undertaken in an airplane of the 8~90 configuration. 
The design of the production AFCS subsystem will be based on an 
extrapolation of this data to take account of the predicted per- 
formance characteristics of the F102B, А11 pilot assist and AFCS 
functions mist be checked to demonstrate or obtain adequate perform- 
ance, and to determine the suitability of the AFCS design modifica- 
tions which were made to match the AFCS to the 102B characteristics. 
It will be necessary to check all operating modes throughout the 
complete flight regime of the aircraft because AFCS loop parameters 
are varied аз a function of flight conditions (primarily air speed 
and air density). 


This is а very extensive program and will fully utilize this 
airplane, It may even become necessary to accomplish part of this 
program in the system aircraft (F102B No. 5). Since production 


sys stems are scheduled to be in the field several months after the 
start of this test program, it is imperative that everything be 
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HAG ltr 1138-893, dated 6 February 1956, "Description of Tasks for F102B 
Airplanes." = Page 2. 


done to expedite the program and no additional flight tasks can possibly 
be assigned to this ship. The AFCS functions which must be evaluated 
include the pilot assist mode functions of pitch attitude hold, bank 
attitude hold, heading hold, accéleration limiting and Mach limiting. 
The performance of AFCS in the automatic attack mode must be confirmed 
for both types of armament, Automatic navigation to intercept of moving 
target must be confirmed both for close control and modified close con- 
trol. Point to point automatic navigation and landing modes must be 
confirmed, 


PRODUCTION F102B NO. 5 - S/N 56-157 
МА-1 


This airplane is necessary to continue the flight test work 
started in F102 #1789 (8-90 configuration). The utilization of the 
#1789 airplane to complete МА-1 flight testing is not feasible for 
the following reasons: 


(1) The MA-1 system in #1789 is an early development model whose 
design was established more than two years prior to the firm- 
ing of the production design. Although effort is continually 
expended to keep this system current with changes in design 
philosophy, there are limitations in how well this can be 
accomplished, А compounding of "almost equivalents" eventu- 
ally compromises the validity of test results, The impedances, 
mutual coupling, etc. of the inter-area wiring can, in no sense, 
be made comparable to production wiring; and this is a very 
significant factor in determination of system performance. 


(2) A production configuration MA-1 system is physically incom- 
patible with the 8-70 configuration, which makes it impossible 
to consider replacing the system in #1789 with a later model. 


(3) Much of the system performance in manual modes cannot be 
determined except in a 102B because the most severe conditions 
occur in the extended flight regime. These include: 


Radar performance - maximum tracking rates. 

Computer performance - maximum tracking rates. 

Flight Sensors, Air Data Computer, etc.; extended. regime. 

Pilot performance - manual modes; extended regime. 

Snap-up capability. 

Adequacy of system design with respect to thermal and 
vibrational environment at maximum speed and maximum 
altitude. 
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This aircraft will be the first in which Hughes, or any other 
agency, has installed and operated a complete МА-1 system; and there- 
fore, represents the first opportunity to make a comple te evaluation 
of the presence of interactions among the various subsystems and units 
and to generate corrective action where necessary. 


These system tests are especially vital in terms of verifying 
the design of the MA-1 advanced cockpit. Previous advanced cockpit 
i tests in the Т-29 and Е102А aircraft will have involved only the use 
of simlated inputs, añd it is essential that the effectiveness of 
the advanced cockpit be verified as a functioning part of a total MA-1 
system, 


| The program is largely concerned with the evaluation of the МА-1 
system in its manual modes of operation (however, the AFCS will be in- 
stalled; and work on the automatic modes will be undertaken as required). 
Some of the key tests to be included are: 


l) Determination of ade cy of the system defer roper 
(1) vectoring information during the attack hana (fo oth E 


missile and rocket launching conditions). 

(2) Examination of radar jam tracking capabilities and AMTI 
performance. 

(3) Determination of the adequacy of armament control and missile 
auxiliary functions, 

(h) Determination of the basic performance of the system in the 
manual navigation modes, 

(5) Examination of the performance of important subsystems 
(power supply, integrated air data computer, etc.) 


One of the most basic objectives of this program is to obtain 
extensive environmental data on all МА-1 units during the accomplish- 
ment ot the testing phases already described. 


Because of the possible effect of the results of these tests on 
the production design, it is very important that all this information 
be obtained at the very earliest time. It, therefore, appears impossible 
to add any additional tasks to this program, 


PRODUCTION Е102В No. 13 ~ S/N 56-65 


FALCON 


This airplane is required by Hughes to carry out the following 
evaluations relating to the Falcon missile: 
(1) Behavior of missiles launched from the F102B high-speed inter- 
ceptor (structure, aerodynamics, flutter, etc.) 
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(2) Tactical problems of high-speed missile launchings. 
(3) Compatibility of the production fire control and missiles. 


It is not intended to carry out missile launchings in either 
of the airplanes, Nos. 2 and 5, nor would this be possible in view 
of the test requirements already imposed by the objectives assigned 
to them. The above requirements (1) and (2) can only be accomplished 
through the allocation of aircraft No. 13. The problem of fire con- 
trol/missile compatibility will be investigated both in airplanes 
Nos. 5 and 13. However, since this is only one of many problems to 
be evaluated in the No. 5, the emphasis on this compatibility problem 
can best be assigned to airplane No. 13. 


The Specifications for the GAR-1A/1C missiles require that 
these missiles be capable of launchings throughout the complete 
flight regime of the F102 aircraft. Without an airplane capable of 
the 102B performance, this capability cannot be developed and demon- 

| strated. The No. 13 airplane is therefore required by Hughes to 
pursue the problems of missile launchings within the speed range of 
Mach 1.2 to Mach 2, within the altitude range of 52,000 to 55,000 
feet, and for snap-up capability within the range of 60,000 to 70,000 
feet (target altitude). 


The basic Hughes’ objective in utilizing the No. 13 airplane 
Will be to conduct a sufficient number of launchings in the extended 
range of flight conditions to adequately evaluate and develop the 
missile performance under these conditions. 


Very truly yours, 


HUGHES AIRCRAFT COMPANY 
Weapon Systems Development Laboratories 


A E ud, 


W. F. Richer, Project Manager 
Fire Control Systems Laboratories 


1775/۸5 smb 
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Convair 


A Division of General 
Dynamics Corporation 

Р.| О. Box 1950 

San Diego 12, California 


Attention: Mr. W. М. Fox/Mr. В. E. Straye 
| еМ. 
Subject: 2.75-Inch Rocket Jump Angle Firings From TF-102A Aircraft 


x: en. 
Reference: Hughes Letter 1114.3-l52, "Request for Aerodynamic Calibration 
| Data for the ТҒ-102А Aircraft", 5 March 1957 


Gentlemen: 8%. 
| ds. 


The requests of the reference assumed that. the rocket program Convair. was 
performing from ТР-102А aircraft S/N 51-135l in March 1957 would supply suffi- 
cient ballistic information to confirm that the 2,75-inch FFAR jump angle equa- 
tion mechanized in the 118-10 System is valid for the MG-10T System. Tt is our 
understanding that since instrumentation fallures prevented accurate date re- 
duction of'the March firings, Convair is scheduling additional tests for this 
same aircraft. 


| In order to accomplish the program's original objective with a minimum 
number of additional firings, Hughes proposes that 36 rocket jump angle data 
points be obtained at the flight conditions of the attachment. Because true 
angle-of-attack at firing is the leading parameter in the jump angle equation, 
it lis requested that particular emphasis be placed on obtaining an accurate 


value of this parameter from the relative wind transducer. 


| Should results indicate that the MO-10 equation-is not usable in the 
0-7 System, approximately 50 additional data points will be required before 
a valid relationship сап be established. 


| Very truly yours, RECEIVED 
86 Ил 411557 
l a М. ева: Project Manager. p.162 
Airborne Systems Laboratories PROJECT 
өрге 
ML DMP te Jo mum BUE aa | i ve 


m chment (1) 


p 


af 


Attachment to HAC Itre 111-376 2 July 1957 


HUGHES PROPOSED 2,75" FFAR JUMP ANGLE 
FRINGS FOR TF«102A S/N 5h=135h 
(Minimum Program) 


Number of 
| SixeRocket-Salvo 
Roue US Mach No, ^ Eoad Factor-(g) аба Points * 
50K «800 1 40 n 


30K 600 1,0 


30K «800 2.0 
30K 0950 1.0 
LOK. 4500 1.0 
10K „600 2.0 


LOK 07 90 0.0 


F к ос и O г 


10K «950 . 10 


+ Rockets should be equipped with flashheads set to detonate 1.5 seconds 
after motor ignition.. 


H © CONFIDENTIAL © 


Weapon Systems Devete 
HUGHES AIRCRAFT. COMPANY » CULVER CITY + CALIFORNIA 
Telephones: EXmont 8-271] ۰ ТЕхоѕ 0-7111 


| i р - "OFFICE 
е : теп 1189 ШЕ 
pared: j i f 


TTI‏ حرج 
Іі Fx —] | |‏ 


29 May 195T 


F.102 PO File Norz- 


Жм. =: 4 


Convair 

A Division of General. Dynamics Corporation 
Р.О. Box 1950 

San Diego 12, California 


Attention: Mr. W. W. Fox 


REMARKS: 
Subject: Effectivity of Hughes ECP 0310 in MG-1OT/TF-102A 


| Gentlemen: 


As you know, Hughes ECP 0310 provides for the incorporation of 
automatic attack and ATLAS modes in MG-10 AFCS. This letter is being 
written to request that Convair provide for AFCS incorporating ECP 0310 
with a normal effectivity of TF-102A aircraft serial number 88. The 
background for this requested effectivity is as follows. 


| Air Force contracts AF-33(600)-29902 and AF-33(600)-27013 with the 
Hughes Aircraft Company provide for the delivery of twenty-eight (28) 

and seventeen (17) AFC systems, respectively, in pre-ECP 0310 config- 

‚ uration for use in ТЕ-102А aircraft; ECP 0310 will be incorporated іп 

subsequent deliveries of AFCS for TF-102A aircraft. This results in 

forty-five (45) АРС systems in which ECP 0310 has not been incorporated 

being available for installation in 1024۔7‎ aircraft. 


| According to information now available to Hughes, the installation 
of AFCS commences in ТР-102А aircraft serial number 33. Since TACAN 

, aircraft serial numbers 62 through Tl inclusive are to have ECP 0310 
incorporated on & special basis, it follows that aircraft numbers 33 
through 61 inclusive and aircraft numbers 72 through 87 inclusive, a 
total of forty-five (45) aircraft, should have provisions for AFCS with- 
out ECP 0310; effectivity for the use of AFCS incorporating ECP 0310 
should therefore commence with ТЕ-102А aircraft serial number 88. 


Formalization of the requested effectivity will be carried out by 
Hughes' Military Sales and Convair's Contracts organizations in the 
‚ usual manner. 


| Very truly yours, 


M. A. Livesay, Project Manager 
Airborne Systems Laboratories 
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Зап Diego 22, “California 42.88 _ 
= an ۶ t ЫЗ БЫ IND! Wan 
Attention: Mr. W. W. Fox Gated za IN. 


Subject: Request for Aerodynamic Calibration Data. de the ТЕ- 1024 
Aircraft: 


РА 


Gentlemen: 


The ТГ-102А air data computer, Hughes part number 166013-100, has its 
mechanization based upon early F-102 aerodynamic calibration data instead: 
of actual ТЕ-102А data; consequently, it is doubtful whether accurate 
rocket firing is presently possible from the 77-1027 aircraft. We have 
made several verbal regiests for TF-102A aerodynamic calibration data 
which is required to correct the inaccuracy but to date these data have 
not been received. А 

It is requested that the following information concerning the TF-102A be 

| furnished us at the earliest possible time: 


1. True angle of attack calibration versus position of the angle 
of attack transducer. 

2. Position error calibration. for the production nose boom airspeed 
System, 


21. 


After receipt of the above data, we will determine the extent of the 
changes which must be made to the existing TF-102A air data computer and 
we will institute a rétrofit program at the earliest possible time. 


Very truly yours, 


M. Livesay, Project Manager 
Airborne Systems Laboratories 
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INTRODUCTION 


The MG-10 is the aircraft and weapon control system 
for the F-102A one-man supersonic all-weather inrerceptor 
being produced by Convair. Initially this interceptor will 
be armed with GAR-1' (Falcon) guided missiles and 2.75- 
inch! (FFAR) rockets. In the future it may be armed with 
GAR-1B' as well as GAR-1 missiles and 2-inch instead of 
2.75-inch rockets. 

The MG-10 sysrem is an extension of the MG-3 rocker 
and missile fire control system, which went into produc- 
tion in mid-1955. The MG-3 development was initiated in 
late 1952 when it became apparent that the MA-1 aircraft 
and weapon control system (then being developed under 
projecc MX-1179) would not be ready for production in 
time for delivery with the early production units of the 
Е-102. The MG-10 system includes, in addition to the basic 
MG-3 components, an automatic Aight control subsystem 
and a data-link subsystem. These give the MG-10 system 
capabilities approaching those of che MÁ-1 system. 

MG-10 production ts scheduled for early 1956 and will 
continue into 1958, when the MA-1/F-102B weapon system 


жак. 


will start phasing out the MG-10/F-102A. 

This report presents a comprehensive review of the 
MG-10 system. The brief description describes briefly the 
system's capabilities, the equipment the system comprises, 
and the operation of the system during an air defense mis- 
sion. The remaining chapters present detailed descriptions 
of each of the six subsystems of the МС-10 at a block dia- 
gram level. 

It should be noted that, since the systern is still under- 
going tests and that rhe development of some portions of 
the system is пог yer complete, differences may exist between 
the details of the system as described here and as ir will 
eventually be when it goes into operational use. These dif- 
ferences, however, will be slight. 


‘The GAR-1 missile is а semiactive radar-seeker missile that 
homes on a target illuminated by rhe fire control radar in the inter- 
сергог. The GAR-IB missile is a passive infrared seeker missile 
that homes on the infrared emissions from the target designated for 
it by the fire control system. The МО-10 system as presently de- 
signed will handle both types of missile. 
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Fig. 1. MG-10 System simplified block diagram. 


TARGET DATA 


RADAR AND COMPUTING SUBSYSTEM 


OATA LINK SUBSYSTEM 


САТА 


m PROCESSING |] 
СОМРА55 FROM ۱ + 
HEADING | 


TARGET DATA 


RANGE, FREQUENCY, 
АМО POINTING DATA 


MISSILE 
AUXILIARIES 
SUBSYSTEM 


PRELAUNCH INPUTS 
AND FIRING SIGNALS 


| . бАЯ - 18 


2.75" FFAR 


г €» 


Right Hand 
Console 


Data Link Antenna : 
(Aireraft Furnished) 


SECTION A-A SECTION B-B 


COCKPIT AREA 
Section А-А 


} 
Б intermediate 
~`=.” Compartment 


Shelf 
SECTION С.С 


Optical Sighthead, Radar Indicator, Intermediate 
Flight Control Group, System Controls Compartment 


Area В Are 
Ағас А | 


SECTION 0-0 SECTION Е.Е 


Electronics 


a Compartment 


— n 
| Forward B =’ Intermediate | 


— 


Electronics 


| Electronics __ Bulkhead c 
[ Com ariment Compartment 
| Sta | | 


Sta Sta 63.85 64, Sta Sta 
0 46.89 85.81 122 217 


FORWARD ELECTRONICS COMPARTMENT 


Area А--Кадағ and Computing Subsystem 

Area B—Radar and Computing, Missile 
Auxiliary Subsystems 

Area C— Radar and Computing, Missile 
Auxiliary, ond Power Supply Sysiems, 


Installation of MG-10 components in the F-102A 


Sta Sta 
310.25 40575 4433 


INTERMEDIATE ELECTRONICS COMPARTMENT 


Section B-B— Automatic Flight Control, Radar 
and Computing Subsystems 
Section C.C— Power Supply, Missile Auxiliary, 
Rader and Computing Subsystems 
Section D-O— Data Link Subsystem 


| 
Sta 
526.8 698.26 
AFT ELECTRONICS COMPARTMENT 


Section E-E— Radar and Computing, Power 
Supply, Missile Auxiliary 
Subsystems 


Note: This illustration has been made available since the publication of this docu- 


ment ("A Functional Description of the MG-10 Aircraft and Weapon Control 


System”) and is now attached because of its general interest. 


4 (а) 


L 
| 
у 


С> Жә €1 тт €& со 


BRIEF DESCRIPTION 


The MG-10 aircraft and weapon control system per- 
forms the conventional fire control functions of detecting 
the interceptor's target by radar and directing rhe inter- 
ceptor's attack. In addition, the system provides automatic 
communication and flight-control capabilities which relieve 
the interceptor pilot of many complex but mechanical tasks. 
Thus relieved, the pilot is given more time and freedom to 
monitor the over-all ractical situation and to concentrate 
on the more demanding jobs of selecting and identifying 
his target, resolving multiple targets, evaluating the enemy's 
countermeasures, choosing the armament and the mode of 
attack to be used, etc. 

During an interception, che MG-10 system performs 
four primary functions: 

(1) 1с receives from GCI and presents to the pilot 
the position and altitude of che assigned target and steering 
instructions for vectoring the interceptor out to meet the 
target. 

(2) It automatically searches for the target by radar, 
presenting the pilor with a display of the targets it picks up. 

(3) When the pilot has located his target and manu- 
ally locked the MG-10 radar onto it, the system automati- 
cally flies the interceptor on a lead-collision attack course 
for the selected armament. At the same time, іс presents 
the pilor with a steering display so that he may, if he desires, 
fly the atrack manually. 

(4) The system prepares the selected armament for 
flight and aucomatically fires it at che correct time. 

These functions may be varied depending on the attack 
situation. If che target is flying at extremely high alticudes, 
or if, when the pilot detects the target, it is flying at a con- 
siderably higher altitude than the interceptor, the pilot may 
sec che system for a "snap-up" mode of attack, which ex- 
ploits the superior climbing and high-altitude maneuvering 
capabilities of the Falcon missiles. In che snap-up attack, 
when the radar has been locked on the target. the system 
steers the interceptor on a lead-collision course against the 
rarget in azimuth only and holds a constant altitude until 
just a few seconds before firing. Then it snaps the inter- 
ceptor üp onto a firing course in elevation and fires the 
missiles, This гасис has the advantage of пог requiring the 
intercepror го fly го the same altitude as the bomber, thereby 
saving time and allowing the interceptor to operate at an 
altitude where it is most maneuverable. 

If the operation of che MG-10 radar is impaired by 
enemy countermeasures or by excessive ground return (as 
it might be at low altitudes), the system will enable the 
pilot ro make optical attacks. For these, an optical sight is 
provided which directs the interceptor оп pure pursuit 
courses for launching GAR-1B infrared seeker missiles and 
on lead-pursuic courses for launching rockets. Steering and 
firing during these attacks, of course, are performed 
manually. 


In addition. co the primary functions discussed in the 
preceding paragraphs, che MG-10 system performs several 
functions of a secondary nature. It provides steering signals 
to permit the pilot to maintain a position off the tail of 
another aircraft. This function, called "snake" operation, 
enables an interceptor co follow another interceptor safely 
under conditions of poor visibility or to approach an un- 
known target slowly from the rear for visual identification. 
The system further provides the flight control functions of 
holding the interceptor's attitude and/or altitude or heading 
to relieve the pilor during the intercept and return phases 
of a mission, and it provides automatic flight control dur- 
ing instrument letdown to flare-out. To assist the pilot in 
navigation, the system's radar may be used for taking fixes 
on radar navigational beacons or for ground mapping. 

Although operational and tactical performance were 
stressed in the design of the MG-10 systern, much considera- 
tion was given. che problem of maintenance. Features intro- 
duced го simplify maintenance include, in addition to 
maximum accessibility, the incorporation of self-test cir- 
сигу which permits go, no-go tests of very nearly every box. 

In the MG-10 Universal Computer, for example, a 
relatively small amount of internal test circuitry eliminates 
completely the need for an elaborate external test device 
for alignment and trouble shooting. For the most part, the 
actual computer components are used to check the com- 
puting operation. If a series of tests is made, most of the 
computer circuitry is involved. By observing which tests 
succeed and which fail, the technician can isolate the trouble 
то a particular circuit on one of che subchassis of a major 
unit. The operation is such thac all che testing, alignment, 
and troubleshooting can be done without removing any 
unit of che computer from the interceptor or without 
requiring the technician to bring any equipment co the 
interceptor. 

Another example of self-test circuitry which gives a 
go, no-go check on certain portions of the MG-10 radar is 
a crystal delay line, which receives excitation from the radar 
transmitter main pulse and feeds its outpur into che radar 
receiver. The inclusion of (һе delay line eliminates the 
necessity of carrying a carget simulator or equivalent signal 
generator to the aircraft co determine whether the radar is 
operative, and eliminates the need for a range calibrator. 


System Description 


In describing the MG-10 system it is convenient to 
break ic down functionally into the following six subsys- 
tems: radar and computing, missile auxiliaries, automatic 
flight control, dara link, cockpit, and power supply. These 
subsystems and the general data flow between them are 
shown in simplified block diagram form in Figure 1. The 
functions and characteristics of the individual subsystems 
are described in the paragraphs thar follow. 


Locations of MG-10 Equipment in the F-102A. 


Radar and Computing Subsystem 


The radar and computing subsystem is composed of a 
250-kw conical-scan X-band radar, ап analog fire сопггоі 
computer, commonly known as the Universal Computer, 
and an air data computer. 

The radar portion of the subsystem provides automatic 
radar searching and cracking, radar ground mapping, and 
interrogation of radar beacons. The radar antenna is so 
stabilized that normal roll angle and angle-of-acrack changes 
will пог change the àrea of search. W'hen the pilot has 
selected his target and locked on, automatic radar tracking 
and the attack. course computation start. 

The Universal Computer computes steering signals 
indicative of the interceptor's deviation from the proper 
lead-collision artack course. The steering signals are pre- 
sented ro the pilot by means of a sceering dot on his radar 
scope. In a manual artack he flies co zero the steering signals 
(the dot in the center of the scope); in an automatic attack 
he monitors the signals while the automatic flight control 
subsystem steers the interceptor. The computer fires the 
armament at the correct time and after armament launching 
presents a pull-our signal (an X) on the pilot's scope. If 
the target-interceptor range diminishes to a predetermined 
minimum value before the armament is fired, the pull-out 
signal is also given. 


The air data computer is the central source of com- 
puted air data for the entire MG-10 sysrem. Four basic in- 
puts, static and tota! pressure, stagnation temperature, and 
angle-of-artack are picked up by sensors in the airstream. 
Seven compured outputs are coupled to this and the other 
subsystems: Mach number, true air speed, dynamic pressure, 
true angle of attack, air density ( rocket attacks), missile "Е"! 
(missile attacks), and missile and rocket jump angles. 

Some of rhe more salient features of the radar and 
computing subsystem are briefly noted below. 

(1) The radar search range is 30 miles with an 80 percent 

probability of detection of a B-47 type гагрег аг 37,000 

yards, (This is substantially 40 регсепс greater than for 

the E-4 radar.) 

(2) The radar is tunable (by the pilot) over a range of 

8750 to 9200 megacycles as a defense against electronic 

countermeasures and cointerceptor interference. 

(3) Two chaff defense fearures have been incorporated: 
(a) a range-rate memory circuit which prevents the 
change of lockon from the targer to rapidly decelerat- 
ing chaff, and 
(b) a nose-rail tracking circuit which will track the 
edge of the target rerurn echo farthest from possible 
chaff return. 


1The "F" computed is the optimum value of missile travel 
relative to the interceptor. 


со € 3 


Сә КО стас въ € €» O ЖО сл € کے جع‎ 


э 


(4) Provisions have been made for compatibiliry with an 
air-to-air IFF system. Presently proposed are (һе Hughes- 
developed AN/APX-26 interrogator-responser and the 
AN/APX-27 transponder. 


Missile Auxiliaries Subsystem 


The missile auxiliaries subsystem is composed of 
analog computing, servo, and control equipment, which 
receives target and aerodynamic data from the radar and 
computing subsystem, and power from the power supply 
subsystem, and prepares the missiles for launching. 

The operations performed by the missile auxiliaries 
are initiated by prelaunch timing signals provided by the 
Universal Computer. Briefly, the operations are as follows: 
(1) The MG-10 radar transmitter is tuned to a special fre- 
quency in the missile band and its pulse repetition. rate is 
set ro that of the missiles. 

(2) The missile local oscillators are tuned to a frequency 
60 megacycles below that of the radar transmitter. 

(3) The missile range tracking gates are positioned to 
coincide with rhe radar range gate. 

(4) The missile seeker heads are servoed into coincidence 
with the radar antenna, (фас is, rrained on target. 

(5) The gains of the inrernal control systems in the mis- 
siles are adjusted in accordance wirh the alritude and clos- 
ing rate of the particular attack in order that the missile 
aerodynamic performance will be optimum. 

(6) The application of external power, the switching from 
external power to the missile batteries, and the enabling of 
warhead arming are also performed by the missile 
auxiliaries. 

In the firing of the САК-1 missiles all six of the pre- 
ceding functions are carried our; for che GAR-1B missiles 
the first three functions are omitted. 

The missile auxiliaries subsyscem will abort a missile 
attack and present the pull-out signal to the pilot under 
certain conditions. These are loss of radar lockon, lockon 
too late for completion of the missile preparation program, 
and a target maneuver causing time-to-fire to occur before 
preparation program completion. 


Automatic Flight Control Subsystem 


The automatic flight control subsystem (AFCS) con- 
sists of analog computing equipment which provides pre- 
cise automatic flight control of the interceptor іп three 
modes: pilot assist, attack, and landing (AILS). In the 
pilot-assisc mode the subsystem functions as an autopilot 
to maintain the aircraft's (1) pitch and bank attitude, 
(2) pitch attitude and heading, (3) altitude and bank 
attitude, (4) altitude and heading as they were when the 
pilot-assist mode was engaged. In the attack mode the 
subsystem accepts steering signals from the Universal Com- 
puter and steers the interceptor on the computed lead- 
collision course. The automatic attack run begins after 
armament is selected and radar lockon is achieved. Auto- 


matic steering continues until the armament is fired or the 
attack aborted. The AFCS then goes into the pilot-assist 
mode until the рос takes over. In the landing mode the 
AFCS accepts signals from the іпгегсергог5 localizer and 
Blide path receivers and steers the aircraft down the ILS 
beam to the Яаге-ош poine. During automatic flight, rhe 
control surface positions are followed ас all times by the 
control stick, and the pilor can disengage the AFCS when- 
ever he chooses by means of a pressure switch on the 
stick. Transition from manual to automatic flight (or vice 
versa) is smooth and safe, since che characteristics of the 
F-102A damping system, which controls pitch damping, 
yaw damping, and turn coordination, are identical in auto- 
matic and manual flight. Electronic limiting of accelerations 
is provided so thar, in maneuvers governed by the AFCS, 
the stall limit of the aircraft will пос be exceeded, nor will 
the pilot be subjected to an uncomfortable number of p's. 
The AFCS introduces a very short control time lag, 
relative to the long time lag introduced by the response 
time of human pilots со steering signals. The shortening 
of the rime lag has three important advantages. 
(1) It reduces the time required for the interceptor to 
get on course for an accurate firing run. This is of particular 
advantage in the case of late radar lockons. 
(2) It increases the probability of kill for rockets against 
maneuvering targets. 
(3) И improves the probability of kill at high intercept 
speeds where human response time limitations become 
excessive. 


Data-Link Subsysten: 


The data-link subsystem consists of a radio receiver and 
data-processing equipment for receiving automatic high 
speed digital data transmissions from GCI and for convert- 
ing them to analog form for display со the pilor. The dara 
transmitted over the dara tink will be that required for 
close control of the interceptor by GCI: а command head- 
ing го fly, the time remaining until the interceptor reaches 
its destination, the гагрес5 range and azimuth relative co the 
interceptor, and the target's altirude. This dara will be dis- 
played го the pilot on his radar scope by means of a steering 
dot, а time-to-po circle, and a гагрес marker circle, and on 
a meter, which will indicate the carget’s altitude. 

The data-link transmission of close control information 
provides many advantages over the voice transmission 
method. Voice transmission is пог reliable, is particularly 
subject co jamming, and is easily saturated when the need 
for direction of many aircraft arises. The data link, on the 
other hand, has none of these disadvantages. It is inherently 
more difficult to jam and contains circuitry which automati- 
cally rejecrs dara which is garbled or is received when the 
signal-ro-noise level drops below a minimum acceprable 
value. The dara-link systèm of which che MG-10 dara link 
subsystem will form a pare will be capable of handling 
several hundred interceptors tuned to the same ОНЕ data- 
link channel. Wich che data link, the pilot's response го 


GCI directions is quickened, since the information is pre- 
sented with atrack-type symbols on his radar scope. More- 
over, his chance of detecting targets at long ranges is greatly 
increased by virtue of the fact that the target marker circle 
reduces the area on the radar scope in which he has to 
look for the target. 


Cockpit Subsystem 


The cockpit subsystem contains the radar scope, the 
target altitude meter, а windshield-mounted servoed optical 
sight, a dual grip flight stick (on which are mounted certain 
subsystem controls), and che subsystem control panels. 

The radar scope is used to display an artificial horizon 
and the information derived in the radar and computing 
and data-link subsystems. The target altitude meter indi- 
cates from zero to 60,000 feer the target altitude received 
by the data-link receiver. The optical sight provides a means 
of сагрег tracking when the radar operation is impaired by 
jamming or intense ground return. The left-hand grip of 
the double-grip flight stick is che radar hand control. It 
provides, in part, a means of controlling the radar antenna 
motion, range gate position, and target interrogation. The 
right-hand grip is used chiefly for aircraft controls and 
armament triggering. 

The МС-10 cockpit subsystem features a simplified 
scope presentation. Range and time-to-go scales have been 
removed from the scope face and che closing rate scale on 
the scope periphery is arranged to match clock numbering. 
Only vertical and horizontal cross hairs appear across the 
face of the scope. The scope is viewed through a polaroid 
filer, which when completely rotated will permit only the 
red portion of the spectrum го pass, thus greatly improving 
the pilot's night flying performance. 

The radar hand control (left-hand grip of the flight 
stick) is a significant advance over the hand control used 
in previous syscems. In the MG-10 control, sideways move- 
ment of the grip controls the antenna in azimuth, as in 
previous controls. However, forward and backward move- 
ment which previously controlled antenna elevation, con- 
cols che position of che range mark on the range trace. 
Antenna elevation, which is far less critical in the lock-on 
operation than range-mark position, is controled by a 
thumb-operared knob. Because the movement of the MG-10 
hand control more closely matches the movement of the 
range trace and range mark on the radar scope, lock-on times 
with this control have been cur essentially in half. 


Power Supply Subsystem 


The MG-10 power supply consists essentially of an 
air-cooled motor-generator unit (а 400-cycle a-c motor and 
three d-c generators on a common shaft) and associated 
voltage regulators and circuit breakers. The generarors’ out- 
puts are +300, 4-250, and —250 volts. Low frequency 
regulation is accomplished by exciting the generators’ fields 
through carbon-pile regulators whose resistances are con- 
croled by the generators’ outputs. The high frequency regu- 


-lation is accomplished by clampacs, a combination series 


and shunt electronic regulator developed by Hughes. Since 
requirements for 4-150-vole d-c power are relatively small, 
this volrage is supplied in a conventional manner by cou- 
pling the output of the 4-250 volt supply through a series 
regulator. 

This integrated power supply is a major step forward 
in airborne power gear. By eliminating many individual 
power conversion devices and by employing a highly ef- 
cient scheme of volrage regulation, the MG-10 power sup- 
ply provides roughly a fifty-percent saving in weight and 
greatly increased reliability over power supplies of cor- 
responding capabilities used in the pasr. 


System Operation 


The operation of the MG-10 system can best be de- 
scribed by following through, step-by-step, the events of a 
typical mission. An interception with the F-102A will 
probably be carried out abour as follows: After the inter- 
ceptor takes off, GCI will direct the pilot onto a collision 
course with a moving offset point from which the inter- 
ceptor can attack the target most effectively. When the 
interceptor has reached the offsec point, GCI will direct іс 
approximately onto a collision course with the carget. The 
interceptor will follow this course until it has picked up 
the target with its own radar. Then, operating independ- 
ently of GCI, the interceptor will attack che target. The 
sequence of events during interception are described in 
the following paragraphs. 

As soon as the inrerceptor is airborne, the MG-10 sys- 
tem. starts co receive target data and steering instructions 
from GCI, and the pilot turns his attention to the radar 
scope which appears as in Figure 2. In the figure, the wide 
vertical line represents the range trace and the broken 
horizontal line is an artificial horizon. The circle in the 
upper portion of the scope is the target marker. It is posi- 
tioned in accordance with dara received from GCI by the 
daca-link receiver and indicates where on the scope to look 
for the target. Only a portion of the circle would be visible 
if che target were beyond the range of display. The dot on 
the centerline of che scope is the steering dot. le is displaced 
lacerally from the center of the scope so as to indicate the 
lateral steering instructions received from GCI. Displace- 
ments го the right indicate char the pilor should turn right; 
displacements to the left indicate «һас he should turn left. 
Аз he turns, the dot will move to rhe center of che scope. 

The pilot steers so as to keep the dot centered, and, in 
so doing, puts the intercepror on a collision course in azi- 
ти with the offset point. The pilot flies to the right alti- 
tude for atracking the target by comparing his own altitude 
with the altitude of the target as received from GCI and 
indicated on the target altitude meter. 

If the data link еге jammed the pilot would be 
warned by che disappearance of the target marker circle. 
While the jamming persisted, the steering dot would sup- 
ply steering instructions for the last course-to-fly received 


from GCI. When the jamming stopped, the target marker 
would reappear. 

About rwo minutes before the interceptor reaches the 
offset point, a large circle, shown on Figure 2, appears on 
the scope. This circle, called che time-to-go circle, indicates 
by its diameter the time remaining until the offset point will 
be reached. When the offset point is reached the time-to-go 
circle disappears and the dot moves out of the center of the 
scope indicating chat GCI is sending different heading in- 
formation. Centering the dor now puts che interceptor 
roughly on a collision course with the rarget. As the inter- 
ceptor comes within radar range of the target, che targer 
marker circle begins to move down into full view. When a 
target appears in the circle the pilot interrogates іс by push- 
ing a switch.? This causes all friendly targets to disappear 
from the scope. If the target within rhe circle does пос, the 
pilot concludes that ic is an enemy. If the targets are weak or 
fading badly the pilor can check the identification by push- 
ing the identification switch in the opposite direction. 
Then, the friendly targets are intensified. Once the pilot 
has located and identified his target, he selects the mode of 
arrack co be used (if he has not already done so) and starts 
the attack. 

The details of system operation during the attack vary 
considerably from one attack mode to the next. For this 
description it will suffice to describe, firsr, a radar atrack 
with GAR-1 guided missiles, and second, an optical attack 
with GAR-1B guided missiles. 


Radar Missile Attack 


To initiate a radar attack, the pilot locks che radar on 
the target. To do this he takes control of che radar antenna 
by pressing a trigger on the left-hand grip of the dual-grip 
control stick, moves the grip sideways to align the range 
trace wirh the target blip, Fig. 3, adjusts the elevation posi- 
tion of the antenna with che thumb operated knob го дес the 
brightest blip, and then moves the grip forward to align 
the range mark with the target. 

When the radar is locked on rhe target, three changes 
occur in the scope display. The target marker circle dis- 
appears, the steering dot moves out of the center of the 
scope, and two concentric circles appear. Flying to center 
the dot now purs the interceptor on a lead-collision course 
with the target, as computed by the MG-10 computer. 
The inner circle serves as a reference for centering the 
dot. Once the carget’s range has reduced to 25,000 yards, 
the ourer circle shrinks so as co indicate by its radius the 
range of the target. The position of the gap in the outer 
circle indicates the closing rate, which can be read in 
hundreds of knots from the scale on the rim of the display. 

At the time of lock-on the pilor may engage the auro- 
matic flight control system. He does this by setting the 
AFCS го its attack .mode and releasing the control stick. 
The system then automatically steers so as to center che 


“Provided the interceptor is equipped with the APX-26 and 
-27 fighter identification system. 
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Fig. 2.- Search and data-link presentation on radar 
indicator. 


steering dot. The pilor can at any time take control of the 
aircraft again by grabbing the stick. 

As the time to firing diminishes, the reference circle 
suddenly shrinks. Ac firing, which is done aucomatically by 
the MG-10 system, the two circles and the steering dot dis- 
appear and an X appears. When the X appears, the pilot 
takes control of the interceptor manually and breaks off 
the atrack. 
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Fig. 3. Scope presentation during lock-on operation with 
data-link information being presented. 


It should be pointed out that approximately 16 seconds 
are required for preparing the GAR-1 missiles for launch- 
ing. If the pilot locks on the target so late that there is not 
time for this, che pull-out signal appears without missile 
firing and the pilot must break off the attack and make 
another pass. Не will also receive the pull-out signal if radar 
lock on is lost at any cime during the attack. 


Optical Missile Attack 


An optical attack is generally made if radar operation 
is impaired by heavy ground return (which may be expe- 
rienced at extremely low altitudes) or by enemy jamming. 
The optical atrack is fown manually, with the aid of the 
optical sight. For firing GAR-1B missiles, the reticle? of 
this sight is fixed laterally in che center of the windshield. 
After the pilot has located his target he flies so as to center 
the reticle on the rarger. (This leads him on a pursuit 
Course.) As soon as the pilot is in position for attacking the 
target, he partially depresses the trigger for firing the arma- 
ment to a detent position. This starts the prelaunch prepa- 
ration of the GAR-1B missiles; When the preparations are 
complete, as indicated by the lurching of the aircraft as a 
result of opening of the missile bay doors, and when the 
target is centered and its wings fill rhe inner circle of the 
sight reticle, che pilor depresses the trigger all the way го 
fire che missiles, 


Secondary Functions 


In the foregoing description, only the major modes of 
the MG-10 system's operation were considered. The sys- 
tem, ОҒ course, has several secondary modes. Ic will be 
worthwhile here to consider briefly the operational aspects 
of three of these: the snake mode, the pilot-assist mode of 
AFCS, and the landing mode of AFCS. 

The snake mode, it will be recalled, is provided to en- 
able the interceptor to follow another interceptor safely under 
conditions of poor visibility or to approach an unknown 
target slowly from the rear for purposes of identification. 
To engage the snake mode, the pilot switches the MG-10 
system to snake operation and locks the radar on the aircraft 
to be followed. He then steers to center the steering dot оп 
the scope. By flying so as to keep the range circle at the 
right radius and the closing rate gap zeroed, the pilot can 
follow the other aircraft accurately and safely at any desired 
interval. (For (һе benefit of the aircraft ahead, the inter- 
ceptor's armament is disabled during snake operation. ) 

The pilot assist mode of the automatic flighc control 
subsystem is engaged whenever the pilot releases the flight 
stick, provided the flight control system is on and the radar 


"Two concentric circles and a dot optically projected on a com: 


bining giass mounted behind che windshield. 


is not locked on a target. When engaged, the system holds 
the interceptor in whatever bank and pitch attitude the 
interceptor was in when the pilot released the stick. If che 
pilot wishes, he can, by throwing a switch, cause the system 
to hold the interceptor's altitude instead of its pitch attitude. 
If the interceptor's bank angle is less than about 5 degrees, 
the automatic flight control system will level the іпгегсер- 
гог'ѕ wings and maintain heading instead of bank articude 
when the pilot releases the stick. 

If the automatic flight control system is switched to 
the ILS mode, it continues to perform as it did in pilot 
assist, but, once the localizer beam is intercepted, flies the in- 
terceptor automatically on an instrument landing approach. 


TABLE OF CHARACTERISTICS 


‘MODES OF OPERATIONS: 
Radar Attack (automatic or manual flight) 
1.' Lead collision for GAR-1 or mixed GAR-1 
and GAR.-1B salvos, co-altitude or differential 
altitude attack. (Snap-up). 
2. Lead collision for 2.75-inch FFAR 
Optica] (manual flight) 

1. Pure pursitit for GAR-1B missiles. 

2. Lead pursuit for 2.75-inch FFAR 
Snake (manual non-firing) pursuit course for fol- 
lowing or slowly approaching another aircraft) 


FLIGHT CONTROL CAPABILITIES: | 
Pilot assist for approach to target and return to base 


(system automatically maintains heading or bank 
angle and the altitude or pitch attitude). 


Automatic steering for radar lead-collision attacks. 
Automatic steering for landing approach ( AILAS) 
COMMUNICATION CAPABILITIES: 


Automatic reception and visual presentation to the 
pilot of target position and steering instructions 
from GCI. 


RADAR CHARACTERISTICS: 
Types of Operation 


Automatic nearch, automatic track, ground bea- 
con, and ground map. 
‘Range Capabilities 
Automatic search — 60,000 yards max., with 
85 per cent avérage cumulative probability of 
detection for B-47 type target at 37,000 yards. 
. Automatic track — 30,000 yards maximum. 
. Beacon - 200 miles mazimum 
. Ground map – 100 miles maximum 
Counter-countermeasure features 2 
1. Tunable: radar, range rate memory, and lead- 
ў ing or trailing edge tracking. 
SIZE and WEIGHT: 
‘Equipment = 1703 pounds, 28.4 cubic feet 
Installation ‘Provisions — 100 pounds 
latéreabling — aircraft furnished 
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A. RADAR AND COMPUTING SUBSYSTEM 


This subsystem consists essentially of radar equipment, 
the fire control computer, and an air data computer. Basi- 
cally, the radar is an X-band pulsed-type radar. It provides 
the interceptor with che capabilities of automatic search, 
automatic tracking, and navigation by means of ground 
mapping and ground beacon interrogation. It has been de- 
signed to incorporate a tunable magnetron having a fre- 
quency range of from 8750 megacycles to 9400 megacycles 
and a peak power output of 250 kw. A paraboloidal re- 
flector having a nominal 23-inch diameter provides a beam- 
width of approximately 3.8 degrees at the half-power points. 
The transmitted energy is directed at the reflector from a 
rotatable feedhorn in such a manner that the center of the 
beam is offset from the reflector longitudinal axis by an 
angle of 1.5 degrees. In the automatic search and automatic 
track modes, conical scanning of the beam is accomplished 
by rotating the feedhorn. 

The fire control computer is an analog computer de- 
signed ro solve the steering equations for the lead-collision 
and lead-pursuit courses. In che lead-collision attack course, 
it also generates a firing signal for automatically firing the 
armament. When missiles are selected, it also generates 
three signals, which occur at cercain computed times prior 
to the firing signal and which are used by rhe missile aux- 
iliaries to accomplish certain prelaunch preparations on the 
missiles. 

The air data computer is a central source of aero- 
dynamic and related ourput signals. It receives informarion 
from sensors located in the disturbed airstream, corrects this 
information to approximate the free airstream condition, 
and uses the information to compute the required quantities. 


Radar Functions 


The radar and computing subsystem performs two 
primary radar functions — automatic searching and auto- 
maric tracking, and two secondary radar functions — che 
interrogation of radar navigational beacons, and ground 


mapping. 


Automatic Search 


When the radar is switched to automatic search oper- 
ation, the spin motor for the antenna feedhorn causes the 
feedhorn to rotate about rhe longitudinal axis of the antenna 
at 75 revolutions per second. This roration of the feedhorn 
causes the axis of the radar beam to rotate about the 
reflectors axis thereby producing a conical scan having a 
solid angle of approximately 6.8 degrees at the half-power 
points. А two-bar scan of the antenna is utilized. One 
complete cycle of antenna azimuth scan requires about 
three seconds during which time a 140-degree azimuth 
angle and а 12-degree vertical angle is covered. 

Sweep voltages generated in the radar make possible a 


normal search range of 30 miles and a short search range 
of six miles. With the normal search range the pulse repe- 
tition frequency is 416 pulses per second and the pulse- 
width 15 2.35 microseconds. With the short search range 
the pulse repetition frequency is 910 pulses per second and 
the pulsewidth is 0.5 microseconds. The pulses are jitcered 
in time at a 400-cycle rate to prevent two targets, one аг 
twice the range of che other, from appearing superimposed 
on the range sweep. | 

Provisions have been made for eliminating ground 
clutter. If on che low elevation scan of the antenna, ground 
сіштег causes “blooming” of che display which does not 
decay during the high elevation scan of the antenna due 
to the persistence of the radar scope's phosphorescent ma- 
terial, a target detected on the high elevation scan will be 
obscured in the ground clutter. When the anti-clutrer feature 
is used, chis ground clutter video voltage, which has dif- 
ferent electrical characteristics from the target video, is 
prevented from being coupled го the radar display. 

The antenna is stabilized in earth coordinates so that 
it will search the same selected area forward of the inter- 
ceptor regardless of interceptor roll and pitch maneuvers 
(within limits). 


Automatic Track 


In order to accomplish automatic tracking of the tar- 
get, the pilot first manually locks the radar on the target. 
When this is done, the тагдес will be automatically cracked 
in range and angle. 


Lockon —If the pilot wishes to initiate automatic track 
operation, he switches to manual search operation by de- 
pressing the "action switch" on the flight stick. He then 
manually positions the antenna in azimuth and elevation 
to searchlight the target and then moves the range marker 
in range so that it is coincident with the target video. When 
the pilot relinquishes manual control, lockon is achieved. 
The radar and computing subsystem is now in automatic 
track operation. Thereafter, the target is tracked automat- 
ically in both range and angular direction. 


Range tracking — In automatic track operation, the range 
gate is maintained coincident in time with the target 
video by circuitry contained wholly within the radar. Range 
lockon can be maintained with a high degree of success 
against chaff-dispensing targets which have an appreciable 
component of velocity along the radar line of sight. Ap- 
proximately two seconds after lockon the range-rate memory 
feature will automatically become effective. This feature sta- 
bilizes the motion of the range gate, causing it to move at 
the same rate at which ic had been moving, even when the 
target return is lost momentarily. As bundles of chaff decel- 


erate rapidly upon entering the airstream, they will have а 
lower velocity than the target. If che range-rate of the chaff 
is enough lower than the target's range-rate, the range gate 
(being unable to change its rate rapidly relative го the main 
bang) will continue tracking the target return. Against con- 
tinuously dispensed chaff, range-rate memory loses its ef- 
fectiveness. For this reason, leading or trailing edge tracking 
is provided. 

Leading or trailing edge tracking requires that the 
range gate's position be maintained coincident in time with 
the leading or trailing edge, respectively, of the carget ге- 
turn. If che interceptor is closing on the target off the 
target’s nose, the leading edge of the targer return will be 
equivalent to the target's nose. If chaff emerges from the 
tail of the target, which on an attack off che nose will be 
equivalent to the trailing edge of the target return, the 
range gate should be positioned so that it is coincident in 
time with the leading edge of the target return. This is 
performed automatically by the radar by placing the nose- 
tail switch on the antenna hand control in the nose posi- 
tion. By permitting the range gate to be maintained 
coincident in time with the edge of the target return 
farthest from the chaff return, the possibility of chaff 
lockon is considerably reduced. After lockon the output of 
а nose-cail computer (described in the lase section of this 
chapter) automatically determines whether the range gare 
will be synchronized with the leading or trailing edge and 
the nose-rail switch has no effect. When range lockon is 
maintained, the radar supplies the Universal Computer with 
a voltage proportional to the range. 

In normal track operation the pulse repetition rate of 
the radar is 910 pulses per second, jittered. When GAR-1 
radar seeker missiles are selected as armament, the repeti- 
tion rate is switched to one of five frequencies (nominally 
2000 pulses per second, crysral-conrrolled) ас the second 
(the missile B signal) missile prelaunch timing signal 
generated in the Universal Computer and the polarization of 
the radar cransmissions is switched from linear ro elliptical 
at the third (D) signal The radar transmissions are 
switched from linear to elliptical so chat maximum target 
return will be coupled to the missile radar receiver. 


Angular Tracking — Angular tracking of the target is 
aided considerably by antenna stabilization so that if no 
aircraft maneuvers are made, the antenna will continue 
pointing in the same direction in space, unless it is driven 
by information resulting from radar error signals. Space 
stabilization of the antenna is effected independently of 
the radar as a result of aircraft accelerations on the rate 
gyros which are mounted on the antenna. The gyros develop 
a signal proportional со the antenna rate of turn resulting 
from interceptor maneuvers. This signal is used by the 
antenna drive motors to reposition the antenna independ- 
ently of radar error. 

If the target is not along the longitudinal axis of the 
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radar antenna, the conical scanning of the radar beam 
causes the target video to be modulated at a 75-cycles-per- 
second rate. The magnitude and phase of the modulation 
depends on the position of the target with respect to the 
antenna axis. The modulation envelope is compared wich 


a 75-cycles-per-second reference voltage and the resulting 
angular tracking error signal is coupled to the rate gyros 


(which are mounted on the radar antenna) of the Uni- 
versal Computer. If an angular tracking error exists, the 
outputs of the rate gyros will be such that the antenna 
motors will drive the antenna in a direction so as to 
reduce this error. 

On rocket lead-collision attacks off che target's beam, 
the angular rate of the antenna аг lockon is about 1 mil- 
liradian per second, increasing to about 100 milliradians 
per second at firing. As the rate ac which che antenna is 
driven is proportional го the angular error, and as the rate 
is large at firing, it can be seen rhar the angular error at 
firing will be large. In order for the antenna to track the 
target without large tracking errors as firing is approached, 
an additional signal which increases as the angular rate 
increases is added го the radar cracking error signal to 
aid in tracking. This aided tracking signal is the compured 


angular tracking race (described in the primary computing 


functions portion of this chapter); that is, it is che rate 
at which the antenna should be driven so that no tracking 
lag exists when rhe interceptor is on the correct lead.col- 
lision course. If the computed angular tracking rare is too 
small, the cracking error signal will be developed to make 
up for the difference between rhe acrual rate and the com- 
puted rate of the line of sight. With aided cracking the 
antenna can track at over 200 milliradians per second. 

With che radar antenna continuously positioned so as 
to be pointing at the target, the radar furnishes the com- 
pucer with the range to the carget, the azimuth angle of 
the antenna with respect to the interceptor's heading, and 
the elevation angle of the antenna with respect to the 
radar boresight line. This information, and other informa- 
tion generated internally by the computer, is used by the 
computer to compute the aided tracking signal. 


Ground Map and Beacon Operation 


Means of radar navigation are provided by the ground 
map and beacon modes of operation. The characteristics 
of the radar are identical in both of these modes, except 
thar in beacon operation the radar transmits on a fixed 
frequency of 9375 megacycles and receives on a fixed fre- 
quency of 9310 megacycles (the beacon reply frequency), 
while in ground тар and in automatic search the radar 
transmits and receives on the same frequency, which is 
continuously tunable between 8750 and 9000 megacycles 
in order to prevent interference with other radar and го 
avoid jamming. The essential difference between the two 
modes is that in ground map operation the radar echoes 
are received by the radar, while in beacon operation the 


radar triggers the ground beacons and receives only the 
beacon replies. 

In these two modes the radar generates a sweep volt- 
age for the radar indicator, making possible an operating 
range of 200 nautical miles. Normally the radar is capable 
of detecting land masses at slant ranges somewhat in excess 
of 100 nautical miles. In beacon operation, where the tar- 
gets are active, targets can be detected at slant ranges out 
to аг least the limit of the range sweep. In both beacon 
and ground map operation the pulse repetition rate is 330 
pulses per second, the duration of transmission being ap- 
proximately 2.35 microseconds. The conical scanning of 
the апсеппа which is provided for automatic searching and 
tracking is stopped, and a single bar antenna scan pattern 
is used, with the antenna normally depressed to an angle 
of three degrees with respect ro the horizontal; however, 
the elevation angle of the antenna may be controlled 
within rhe limits of approximately 15 degrees below the 
horizontal го 35 degrees above the horizontal. Manual con- 
trol of the antenna is possible in order to searchlight a 
ground area or a beacon. Ап expand feature permits any 
20-mile portion of the range sweep voltage between the 
limits of five miles to 200 miles in range to be selected 
for presenration on the radar indicator. As the peak voltage 
af the 20-mile sweep voltage is the same as thar of the 
200-mile sweep voltage, che 20-mile sector of the 200-mile 
sweep is effectively expanded over the entire display. 


Primary Computing Functions 


The primary computing functions of the MG-10 sys- 
rem are performed by the Universal Computer. This com- 
puter performs the necessary computations to enable (һе 
pilot to fly a lead-collision or lead-pursuit course on rhe 
basis of information supplied to it, in part, by the radar, 
or to fly a lead-pursuit course on rhe basis of information 
supplied by cracking the target with che deflection optical 
sight. The radar lead-pursuit (snake) mode is а non-attack 
mode. 


Radar Lead-Collision Mode 


During the radar lead-collision mode the Universal 
Computer compuces the steering error. This error is dis- 
played го the pilot on the radar indicaror by means of a 
dot whose position with respect to the center of the indi- 
cator is an indication of the amount and direction of the 
steering error. The steering error signal can also be coupled 
to the automatic flight control subsystem for automatically 
steering the aircrafi. In missile firing attacks the Universal 
Computer generates timing signals, which are used to pre- 
pare the Falcon missiles for launching, and a firing signal 
for automatically firing them. In rocket firing attacks only 
the firing signal is required. 


Steering Error Computation — Before discussing the mech- 
anization of the computer ro solve the lead-collision fire 


control problem on the basis of information supplied, in 
part, by the radar, it is worthwhile to analyze the problem 
on the basis of flight geometry. 

The correct lead-collision course is defined as the 
straight-line course along which the interceptor will fly 
to the firing point, and for which the projectiles will strike 
the target after traveling a distance of Е yards relative to 


the interceptor. It is assumed that the interceptor and 


target velocities are constant and that the target flies a 
straight-line course. A convenient way of getting on the 
proper course is to compute the distance, M, by which the 
projectiles will miss che target if che interceptor continues 
on its present heading. The change in interceptor heading 
necessary co reduce M to zero is then computed, and a 
steering signal proportional to the change is supplied to 
the pilot. The interceptor is then steered to obtain a null 
in this signal. When this is done, the computed miss will 
be zero and the interceptor will be on the desired course. 

Since che direction and the magnitude of the miss 
depends upon the instant of time for which the miss is 
computed, it is necessary to specify this time. А con- 
venient choice is со specify that the miss will be computed 
for a time T seconds from the present, such that there will 
be no component of the miss along the present line of 
sight to the target. When the interceptor is on the proper 
course, T will represent the time until projectile impact 
with che target and will chus serve to determine the proper 
firing point. That is, if it cakes the projectiles T; seconds 
to travel F yards relative to the interceptor, then the proper 
firing time is when T — Ty. 

While the fire control problem is three dimensionai 
and a complete solution to the problem must necessarily 
be based upon a three-dimensional analysis, an insight to 
the problem can be gained by examining a two-dimensional 
case as shown in Figure 1. The equations for determining 
M and T will be derived by reference to this figure. By 
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Fig. 1. Two-dimensional geometry of the lead-collision 
attack. 
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inspection of (һе figure, the following equations сап Бе 
written: 


(УТ + Е) cos 6 = К + Vol cos A , (1) 
and 
(VeT + F) sin8 = M + УТ зіпА . (2) 
Solving equacion (1) for T: 
7 R — F cos 6 | (3) 
Vy cos 0 — Уһ cos А 


Solving equation (2) for M, 
М = (Vesinó — Vesin A) T+Fsiné . (4) 


In examining equations (3) and (4), it can be seen 
thac Ув and che angle A cannot be measured from the 
interceptor. However, it will be noted that these quantities 
can be used as terms which comprise quantities which 
can be measured. Thus, referring to Figure 1 again it can 
be seen chat: 


R — Va cos А — Vecos@ , (5) 


where R is rhe range rate and is negative when the radar 
range is decreasing, and 


in 0 — Vg sin А 
—— в sin А l (6) 


where wa, the space rate of rotation of the line of sight, is 
positive in the clockwise direction. 


Substituting (5) in (3) we obtain 


fu 9 (7) 
which can be rewritten as: 
: R Е 
—R = = — 2:08 Е (7а) 


Substituting the numerator of equation (6) in equation 
(4) we obtain: 


М--Ба/Т-БЕсіп0 , (8) 
which can be rewritten as: 

M Е. 

т Ко 1 т sind | (8a) 


Equations (7) and (8а) give M and T in a form 
which can be mechanized in the computer. 

The output of rhe rate gyros mounted on the antenna 
is the space rate of rotation of the tracking line. Because 
of the action of the radar tracking loop, the line of sight 
and the tracking line are maintained coincident. Thus, 
wa, the space rate of rotation of the line of sight, can be 
obtained from the azimuth rate gyro. As it is obtained by 
measuring the rate gyro output it will be designated as 
Wd(measured): Thus, Киа of equation (8а) can be written 
as Rua (measured)- 

When the miss has been reduced to zero, Код will 
be equal to —F/T sin 0. Because —F/T sin 6 is a com- 
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Fig. 2. Simplified block diagram of computer showing steering signal generation. 
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puted term, it is often expressed as Коа(сотрича». Thus, 
Коа(сотриев) 15 defined as being equal to —F/T сіп 6. 
Equation (8a), then, can be rewritten as: 


т Rea (measured) =" Roa (computed) . (9) 


It is desirable го present the pilot with a steering 
signal whose deviation from a centered position is pro- 
portional to the angle-to-turn-through to get on a lead- 
collision course at that particular time. This angle, 8, is 
shown in Figure 1. It can be seen that a change in heading 
of 8 degrees will reduce the miss to zero. For small steer- 
ing errors, the approximation, 


M 


ЗУТ Е š 


(10) 
which relates the miss to the angular steering error, is valid. 

Equation (10) can be operated on in the following 
manner: 


| =O M (T үм 
VeT+F \У„Т+Е)Т 
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to put it into a form so that it can be readily mechanized. 


Generating the Steering Signals —The mechanization of 
the steering error computation is shown in Figure 2. The 
subtraction indicated by equation (9) is performed at sum- 
ming point 11 and the result is coupled to a circuit called 
the steering amplifier, which multiplies it by a scale factor 
(К), which is a function of T. In order to produce che 
measured Ra, term (written as Rom in Figure 2), the com- 
puter multiplies the range from the radar with the wy (writ- 
ten aS um in Figure 2) from the azimuth rate gyro mounted 
on the antenna. In order to produce the computed Коа term 
(written as Rw,), the computer must solve for che 1/T 
term and multiply it with the Е term. In the lead-collision 
course the value of F for missiles is computed in che air data 
computer, while the value of Е for rockets is generated as 
4 fixed voltage by the fire control computer. One of these 
values of F is coupled to a closed-loop servo, which com- 
putes the 1/T term in accordance with equation (7a.) This 
Servo operates in a manner such that when the value of 1/T 
with which R and F in equation (7a) are multiplied is such 
that both sides of equation (7a) have the same value that 
value of 1/T is the correct value for the particular instant 
of the attack. The term F/T is, of course, multiplied by the 
term cos @ before it is combined with R/T and compared 
with —R. F/T is multiplied by cos 9 by coupling F/T to 
the azimuth resolver mounted on the radar antenna. One 
output of this resolver, then, is F/T cos @ and the other out- 
put is F/T sin 6. When the value of F/T cos 8 is such that 


1/Т has the correct value, chen F/T sin @ is equal to the 
computed Rug. The range rate (К) is derived by differen- 
tiating the range voltage supplied by the radar. 

In a manner similar to the above it can be shown that 
for the two-dimensional lead-collision case che elevation 
steering error can be determined by raking the difference 
between the measured and computed Rwe (where we is the 
elevation rate of the cracking line) and multiplying this 
result by a scale factor which is a function of T. In this case 
the computed Во: is equal to F/T cos 0 sin є and the F/T 
is coupled to the elevation resolver mounted on the antenna 
to produce this term and F/T cos 6 cos e. The latter is used 
in place of F/T cos 8 in the equation which is used in com- 
puting 1/T. Of course, in the elevation case all terms in this 
equation are those for only the elevation plane. 

In the three-dimensional problem the azimuth and ele- 
vation steering errors are determined in the same manner 
as for the two-dimensional case, that is, che computed Ко 
аге subtracted from the measured Ro's to produce М/Т and 
this function is multiplied by che scale factor T/ ( VrT + F). 
However, in this case che computed К are modified by 
the fact thar the attack is being flown in three-dimensional 
space, thereby requiring that the effect of the azimuth and 


elevation angles be taken into account simultaneously. In . 


addition, the effect of roll on armament drop must be con- 
sidered with respect to both vertical and horizontal planes, 
and che effect of armament jump angle, which is computed 
in the air data computer (see the secondary computing func- 
tions portion of this chapter), on the elevation error signal 
must also be considered. 


Smoothing and Quick Indication — The radar angular 
cracking error voltage, which is coupled to the rate gyro 
inputs co maintain coincidence berween the line of sight 
and che tracking line contains scintillation noise. This noise 
appears on the measured angular rate signals at the output 
of the rate gyros. If these noisy rate signals were allowed 
со be summed with the Коц сотроса) term, the input to the 
steering amplifier would be noisy and this in turn would 
be reflected in the movement of the steering dot. Тһе 
result would be that an unflyable steering signal would be 
presented го the pilot. 

One method of removing this noise from the gyro out- 
put is го pass the signals through a smoothing filter be- 
fore it is coupled to the summing point. Unfortunately, in 
smoothing the noisy signal, a lag inherent in che filter is 
introduced. Thus, when the pilor maneuvered the inter- 
ceptor in order to zero the steering error, a small period of 
time would pass before a movement of the steering dot 
became apparent. This would cause the pilot to over- 
maneuver and an oscillation of the steering dot would occur. 

To overcome this lag, another signal can be added to 
the noisy rate signal at che input co the smoothing filter as 
is shown in Figure 3. Resolving the gyro output into two 
parts, а noise-free term proportional to the angular rate 
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Fig. 3. Simplified computer functional block diagram showing smoothing and quick indication. 


signal, and a term which represents the noise superimposed 
on the noiseless rate signal, it can be shown mathematically 
that if the cime derivative of the noise-free term is added 
to the gyro output, the lag will be eliminated. Іс remains, 
then, to determine how the gyro output can be modified so 
that its time derivative can be mechanized easily and in a 
noise-free manner. It turns out that if the wimenauroa) term 15 
multiplied by R?, rhe time derivative of the product will be 
Ran, where a, is the acceleration normal to the interceptors 
heading. The term a, can be roll resolved into two compo- 
nents — one perpendicular to the plane of the wings, the 
other parallel to the plane of the wings. For conditions of 
coordinated flight, the lift acceleration is normal to the plane 
of the wings. Thus, the component of ap, perpendicular то 
the plane of the wings, is the algebraic sum of the lift 
acceleration, L, and the component of the acceleration of 
gravity, в, perpendicular to the plane of the wings. The 
component of ау, parallel to the plane of wings, is equal 
to the component of g, parallel to the wings. Аз g has a 
value of 1, its components can be generated by roll resolv- 
ing a fixed voltage. L can be obtained as a noise-free term 
from the lift accelerometer. Each of these components of 
a, (multiplied by В) can then be coupled со the summing 
point at the input co either the azimuth or elevation smooth- 
ing filter, thereby quickening the response of the steering 
dor to interceptor maneuvers. These components of Ra, are 
called quick-indication terms. 

During interceptor roll, the azimuth and elevation rate 
components of the rate of the tracking line will change, Бис 
the vector space rate of the tracking line, of course, will 
remain essentially unchanged. As a result, the output of one 
rate gyro will be reduced and the output of the other will 
be increased by a proportional amount. These changes in 
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gyro output will occur at a rate which is proportional to 
the roll race of the cracking line. Because of the effect of 
the smoothing filter upon fast varying voltages, there would 
be an undesirable lag at the outpuc of the smoothing filters 
to the change of volrage at the input, if additional quick 
indication were not provided. Since the amount of lag will 
depend upon the rate of change of the input voltage, and, 
as this rate is a function of roll rate of che tracking line, the 
amount of quick indication should also be a function of 
this roll rate. Roll rate of the tracking line, wr, can be ob- 
tained from a third rate gyro (called the roll-rate gyro) 
mounted on the antenna. Because of the cross-coupling of 
the change in one channel to the other channel, the quick 
indication requires that the oucput of each smoothing net- 
work be multiplied by о, (see Figure 4) and used as the 
quick indication term in the other channel. This is often 
referred to as cross-roll quick indication. 


Generating the Timing and Firing Signals —In addition 
to furnishing the pilot and the automatic flight contro! 
subsystem with smoothed and quick-indicated steering 
signals in the lead-collision mode, this subsystem also pro- 
vides the missile preparation and firing signals, and the 
rocket firing signal. 

In a preceding section it was seen that if the F used in 
the steering equation is a fixed distance and if the target 
does not maneuver, the interceptor will fly a straight line 
course providing the steering error is held to zero. In the 
case of rockets it is possible to select one value of F (nomi- 
nally 500 yards), which will optimize the probability of hit 
and still provide safety from collision for all attack situa- 
tions. Missiles, on the other hand, must travel considerably 
farther (nominally 5000 yards) relative to the interceptor; 


at the end of the boost, when guidance takes over, there 
may be an error, which must be zeroed our. It requires a 
certain amount of time for the missile to correct ouc these 
errors; at low altitudes where the air is dense, the missile 
responds more rapidly to control signals and requires less 
time to get on course, than at high altitudes. Thus, the 
missile F, although fixed for any one altitude, will be shorter 
for low altitudes chan for high altitudes. The missile Е is 
mechanized as a function of pa (air density X speed of 
sound), which is a measure of altitude, in the air data corn- 
puter and coupled to the fire control computer. Steering 15 
predicated on che fact that if the projectiles are released 
when the distance they will actually travel relative to the 
interceptor is equal to the fixed distance, a hit will result. 
It now remains co be determined at what time the projectiles 
should be released. 

As rocket impact will occur prior to burnout, the rock- 
ets will be accelerated during their тога! time of flight. Thus, 
the distance they travel can be computed as Е = 1/2aTr’, 
where a is their acceleration and Ty is their time of flight. 
As this F (ballistic Е) is a function of the time of flight, 
it is usually written as Е(Тр) to distinguish ic from the 
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fixed Е. Rocket acceleration will vary with air density and 
propellane temperature and can be mechanized by causing 
a fixed voltage to be varied in accordance with the тарпі- 
tude of these parameters. Тк сап be mechanized by using 
the same T (that is, che time from the present until pro- 
jectile impact) as used in the steering equations. Thus, as 
che cime to go decreases, F( Tr) will decrease until, when 
it becomes equal to the fixed F, firing will occur. At firing, 
T will equal Те. In the actua] mechanization, a is multiplied 
by T to produce F ( Ty) /T, that is, the average rocker veloc- 
ity. This is done to simplify che mechanization. This term 
is compared (see Figure 5) in a coincidence circuit with 
the F/T of the steering equations and when they are equal, 
a relay will close, coupling a volrage (called the E or firing 
signal) to the inrervalometer, the door opening mechanism, 
and che radar indicator. A pull-out signal (an X) will 
appear on the indicator, the doors will be opened, the 
intervalometer timing will be started, and the rockets will 
be fired. 

In order to permit the рПог to concentrate on eleva- 
tion steering, which is more critical than azimuth steering, 
provisions have been made to vary the time of rocket firing 


Ro € (COMPUTED) 


ELEVATION 
STEERING 


CROSS-ROLL 
QUICK i Bet. 
INDICATION 7 
т 
i ur 
<= 
Ok 
INDICATION AZIMUTH 
STEERING 
ч пор © M, AMPLIFIER 
Baz 


RuptcoMPuTED) |) 
4 


Fig. 4. Simplified computer functional block diagram showing cross-roll quick indication. 
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Fig. 6. Simplified functional block diagram of missile ballistic circuitry. 
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to either before or after the time when T: — Ту. This is 
done (see Figure 5) by coupling a portion, B(8), of the 
output, 5, of the azimuth steering error channel to the 
proper side of the coincidence circuit and adding it to 
the voltage on thar side. The signal from the azimuth steer- 
ing amplifier is called the release time correction signal. 
As missile impact occurs after burnout, the missile 
F( Tr) cannot be mechanized in the same manner as the 
rocket Е(Ть). The mechanization of the missile F( Tr) 
assumes that the missile acceleration is constant prior to 
burnout and that the missile velocity is constant from burn- 
out to impacr. As both the missile acceleration and velocity 
are functions of propellant temperature and altitude, the 
mechanization must include ра and propellant temperature. 
As in the case of rockers, F( Te) /T, the average mis- 
sile velocity from firing to impact, is produced rather than 
F(Ty). Е(Ть)/Т is produced in accordance with che re- 
lationship Е(Те)/Т = V, — М,(0/2 + T,)/T, where 
V, = burnout velocity, t, = boost time, and Т, = advance 
time. As can be seen from Figure 6, V, (multiplied by a 
scale factor) is compured as a function of pa and propellant 
temperature. V, is then coupled to one side of the secondary 
of a transformer and to an electrical network comprised of 
resistors, which are selected by means of a stepping relay, 
and a potentiometer, whose wiper is positioned in accordance 


with Tw. The output of this network V,(t,/2 + T.) /T 


i$ then coupled to the other side of the secondary of the 
transformer. F ( Te) /T appears ac the primary of the trans- 
former and is coupled го one side of a coincidence circuit. 
F/T from the air data computer is coupled to the other side 
of the coincidence circuit through a transformer. Each time 
the two voltages at the input to the coincidence circuit be- 
come equal, the coincidence circuit will become activated 
and cause the stepping relay to step in succession from А 
to E. First coincidence will normally occur approximately 
40 seconds in advance of che time «һас F( T£) /T = F/T. 
Second and third coincidences will normally occur at ap- 
proximately 15 seconds and 2.6 seconds, respectively, in 
advance of che time when Е(Ть)/Т = F/T. When 
F(T;)/T = F/T, the relay will step from D го E. These 
signals (known respectively as the A, B, and D signals) are 
used by the missile auxiliaries to begin certain missile pre- 
launch preparations. The coincidences will occur at the spec- 
ified times prior to che F( Te) /T = F/T condition only if 
lockon has occurred prior to 40 seconds before the E signal 
is delivered and if the target does not maneuver. If these 
criteria are not met, time expansion or time compression 
(discussed in the missile preparation program section of 
the missile auxiliary subsystem chapter) will occur and the 
advance signals will be varied accordingly. On the last 
coincidence che relay closure will cause a signal (the E 
signal) co be coupled co the intervalometer to initiate che 
missile-iring procedure. A pull-out signal will be coupled 
ro the radar indicator approximarely three seconds after the 


E signal. ( The first missile of a salvo will be launched a few 
tenths of a second after the E signal.) If, for some reason, 
the attack must be aborted, the abort or pull-out warning 
signal will be coupled to the radar indicator from the arma- 
ment control circuitry. 

When rockets are used as armament, the computer will 
supply the radar indicator with а pull-out warning signal, 
if for some reason the rockets are not fired when the proper 
point in space is reached. This will occur when the range 
diminishes to 200 yards. When missiles are used, pull-out 
warning will occur at 1000 yards. 


Optical Lead-Pursust Mode 


As in the lead-collision mode, inputs required by the 
computer during the optical lead-pursuit mode are range, 
range rate, and space rate of che cracking line informa- 
tion. However, because no provision has been made for 
the radar to be operative during the optical lead-pursuit 
mode, this information must be supplied by other means. 
In the MG-10 system, range and range rate are furnished 
to the computer as fixed voltages, their magnitude being 
dependent upon the type of target being attacked. These 
voltages are selected by means of the target selector switch 
on the optical sighthead (described in the cockpit subsystem 
chapter). The range supplied is (һас which will occur at 
firing. Interceptor speed advantage is supplied racher than 
range rate, but at firing, speed advantage and range rate are 
equal. When the radar is operative, the target is tracked 
automatically. In the optical lead-pursuic mode the pilot 
performs the tracking by flying the interceptor so as to keep 
che antenna (and hence the optical sight reticle, which is 
slaved го che antenna) pointing ас the target. The output 
of the rate gyros will chen be equal to the space rate of 
the tracking line. 

If the information supplied to the compurer during 
the lead-pursuit mode is correct at all times the lead angle 
will be correct and the interceptor will be on a true lead- 
pursuit course, thar is, іс will be continually in firing 
position. However, the information actually supplied the 
computer during the lead-pursuit mode will be correct only 
at firing (and then only approximately correct). Hence, the 
lead angle will be too small before firing and roo large after 
firing. As a result, the course flown by the interceptor will 
differ from а lead-pursuit course. However, ас some point 
the courses will intersect and at this point, che lead angle 
will be correct. The pilot knows when the lead angle is cor- 
rect when the target's wings fill the reticle. In the MG-10 
system provisions have been made for only rockets to be 
fired in the optical lead-pursuic mode. 


Computation of the Lead Angle — Ас any instant of time 
the geometrical relations of the lead-pursuit attack аге 
identical with those of rhe lead-collision attack, see Figure 
l. К will be noted that in the lead-pursuit attack, Е is the 
distance the armament travels relative to the interceptor 


17 


e 2 =" **, P K -‏ ا 


Ê (FIXED VOLTAGE). 


TARGET | 
SELECTOR 
SWITCH | 
4LOCATED |- 
ON SIGHTHEAD- 
IN COCKPIT ) 


BALLISTIC - 
CIRCUITRY 


I 
TEMP. AIR DENSITY 


۱۲/۸۳ 


-F(T,)/T eos 8 


Fig. 7. Mechanization of the computer in the optical lead-pursuit mode to determine Ко. 


during the projectile time of flight, while in the lead-col- 
lision attack Е is a fixed distance. In the lead-collision 
attack, іс will be recalled, if che projectiles are fired when 
cheir cime of flight equals the time from the present until 
the miss parallel to the present range to the target is zero, 
the miss will be M. In the lead-pursuit attack, if che pro- 
jectiles are fired now (when the miss parallel со che range 
is zero) and their time of flight is equal to the computed 
time of flight, che miss will be M. In order со differentiate 
between the lead-cc'"sion and. lead-pursuir F's, the lead- 
pursuit Е is written as F(T») to show that Е is a func- 
tion of Ty. 

As in the lead-collision case (equations (7) and (8)), 
the following relations can be evolved: 


— R —F(Te) cos 0 


Tr (12) 


М = Ка. [rE + F(T?) sin 0 (13) 


By applying the same reasoning with respect to the 
miss го equation (13) as was done in the lead-collision 
case, the following can be written: 

Rud (measured) = Reuatcomputea) = کے‎ (14) 
Te 
As can be seen from equation (14), when Regimeasurea) 
and Rwarcamputen: аге equal, the miss will be zero. It will be 
noted that chese equations have the same form as in the 
lead-collision fire control problem. 

In the optical lead-pursuit mode it is not possible to de- 
termine whether or nor the lead angle is correct due to the 
absence or presence of a steering error, as could be done in 


the radar lead-collision mode. If it were possible, the reticle 
would be positioned to the same angle as the antenna plus 
the amount of the angular steering error. Because of che lack 
of. a radar error signal, it is пог possible to compute the 
angular steering error. However, it is possible to determine 
indirectly whether or aot chere is a steering error although 
it cannot be determined as an angle-off-course. This is done 
by performing the subtracrion indicated by equation (14). 
As in the lead-collision case, Rw measured) 15 a measure of 
the actual space rate of che antenna and is obtained di- 
rectly as an output of the rate gyro. The determination of 
Rwajcompured) for the two-dimensional lead-pursuit case is 
based on the solution of a relation which has the same form 
as equation (7a), that is: 

R _ F(Tr) 


и 


T, T, (15) 


cos 0 


Іп the rocket lead-collision mode the ballistic Е [1е. 
Е(Т») |, which is the same as the Е(Тр) of equation 
(15) is computed as a function of air density, temperature 
and T. In turn T is computed in accordance with equa- 
поп (7a), which has the same form as equation (15). In 
equation (7a), F is a fixed value; the other terms are avail- 
able as measured quantities, and T is the only unknown. 
Thus, T is computed separately and used to compute the 
ballistic Е [1е., Е(Те) |. In examining equation (15) (the 
mechanization of which is shown in Figure 7) it will be 
noted thar T is not the only unknown, Е(Ть) being the 
other. Hence, che 1/Тъ term is used to compute simul- 
taneously both Е(Ть) (for it is a function of Тр) and 
Е(Тр)/Тр. The Е(Тғ) /Ть term is then coupled to a 0 


E 


resolver which forms part of a closed loop servo, multiplied 
by cos 6 and used in the closed loop servo to compute 1/Те 
in accordance with equation ( 15). The other output of this 
resolver, (F( Té) /T) sin 8, is then equal to Rug сотрисей) 
as in the lead-collision case. 

In the lead-pursuit mode, the range rate is set in the 
computer to solve for 1/Ть as one of four fixed voltages, 
che selection of which depends upon the speed advantage 
of the interceptor. This speed advantage, of course, is equal 
со che range rate only when the іпсегсерсог is flying directly 
behind the target and if both aircraft are flying at velocities 
such that the estimated speed advantage is correct. Because 
the speed advantage approaches the range rate as the attack 
progresses, becoming nearly equal to the range rate at the 
firing point, it is an accurate enough approximation for the 
computation of the lead angle which is required to be 
correct only аг firing. 

The range voltage set into the computer (to solve for 
1/Ты) is the sum of two voltages — one being a fixed 
volrage equal го the potential equivalent of rhe гесісіе range, 
the other being proportional to che interceptor speed advan- 
tage. Thus, the computer range voltage depends upon the 


setting of the гагрег selector switch on the optical sight- 


head bur remains constant throughout any one attack. 
The mechanization of the computer for the fixed range 
optical mode requires that the attack be conducted in two 


phases. [n the first phase in the two-dimensional case, the 
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inputs to the rate gyros consist of the computed o (which, 
as in the lead-collision case, is called the aided tracking 
signal) and the output of the steering amplifier. (See Fig- 
ure 8.) The inpur to the steering amplifier consists of the 
Ro(conpaea) term. This term is amplified by a constant, di- 
vided by Ть, and the result summed with the aided tracking 
signal before being coupled to the rate gyro. By dividing 
Rucompucery by Tr, the output of the steering amplifier is 
made dependent only upon the magnitude of che lead angle 
6, increasing as 6 increases. This сап be seen by substituting 
a value of Е (Те) = 1/2 a Ty? (for rockets) in the expres- 
F(Tr) sin 8. The Rw (computed) voltage 
Tr Tr | 
(1е., 1/2 asin 8) at che input co che steering amplifier will 
always be of such a polarity in Phase L that the output of 
the steering amplifier will tend to precess the antenna in a 
direction so as to reduce the input and hence @ to approxi- 
mately zero. The aided cracking signal tnput to the rate 
gyro, which is a lower amplitude signal than the steering 
amplifier output, reduces the amount of steering amplifier 
output that is needed to move the antenna at a given rate. 
Thus, in Phase I of the fixed range mode, where the com- 
puter is caged, the inputs to the rate gyro will асс to over- 
come the effect of the antenna stabilization loop. Іс can be 
shown that in the three-dimensional case where «he jump, 
drop, and roll angle terms are taken into account, the angle 
to which the antenna is finally precessed is the ballistic 
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Fig. 8. Simplified functional block diagram showing mechanization of the computer for the optical mode. 
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lead angle. With the antenna (and hence the optical sight 
reticle) pointing approximately dead ahead, the pilor flies 
the interceptor to keep the reticle on target. The output of 
the gyro [wmeasurea) | Will then be equal to the turning 
rate of the interceptor. It is necessary that a rate be allowed 
to build up in the system so that when Phase II is entered, 
the antenna will be precessed to the proper lead angle. In 
the radar lead-collision mode, the rate of the tracking line 
was measured entirely by the radar cracking loop. In che 
optical mode, this rate is the result of interceptor maneuvers. 
If, after Phase II were entered, the pilot flew the interceptor 
withour turning, the rate of the tracking line would de- 
crease to zero and the antenna would again be precessed 
to the ballistic-lead angle. 

In beginning Phase II of the attack, the pilot uncages 
the computer. This action causes the ourputs of the rate 
gyros to be coupled to che summing point at the input to 
the steering amplifiers chrough the smoothing filters in the 
same manner as in the lead-collision case. During Phase 
IL, then, the output of the azimuth steering amplifier is 
proporcional to the difference between Reyimensurea) and 
Ro compute). If these two voltages are пог equal, an error 
signal will appear at the input to the steering amplifier. The 
output of the steering amplifier is summed with the aided 
tracking signal at che input to the rate gyro. The resultant 
signal causes che antenna to precess in a direction so that 0 
will assume a value that will cause Коа‹сошршеа) to become 
nearly equal to Roijimensureas- AS the steering amplifier is а 
high gain circuit, the error signal will be very small. The 
aided tracking signal is used to reduce further rhe error 
signal which must be sustained at the input to the steering 
amplifier in order to precess the antenna. 

In the optical mode, it should be noted, the output of 
the rate gyro is the measured rate of the tracking line bur 
not necessarily the measured rate of che line of sight as is 
required by equation (14). These смо rates will be equal 
only when the pilot steers the interceptor so as со keep the 
reticle on the rargec. When the reticle is kept on target 
then, the conditions required to make the right-hand side 
of equation (14) equal to zero will have been realized and 
the lead angle will be correct. Thus, the pilot performs the 
dual functions of tracking the target and generating the 
correct lead angle by turning the interceptor at a rate so 
thar the tracking line and the line of sight have the same 
turning rate. 


Smoothing and Quick Indication — At the instant of un- 
caging, the input to the smoothing network will be a step 
of voltage. If this step of volrage appeared at the output 
of the smoothing network, the antenna would be precessed 
to some lead angle аг a rate faster than the intercepror 
could curn and the reticle could not be kept on the target. 
However, there is some lag in the nerwork even with quick 
indication and the voltage at its output builds up smoothly, 
thereby permitting the pilot, under normal conditions, to 
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keep the reticle on target during the initial portion of 
Phase И. If the reticle were kept on target during Phase 1 
and if the pilot did пос increase his turning rate after 
Phase II were initiated, the reticle would position itself to 
a lead angle which was correct for the rate of the line of 
sight during Phase I. 

The smoothing and quick indication fearures of this 
system аге needéd not only for proper response of the 
optical sight at the beginning of Phase II but also through- 
out Phase II. Without these features, if the reticle begins 
to move off target and rhe pilot changes the turning rate 
of the interceptor to bring it back on target, the only cerm 
which would be changed so that the target could be re- 
acquired would be 0. Because of the finite period of time 
required for the interceptor to turn in order to change 6, 
there would be a lag in the reticle movement. As the pilot 
continues to turn co change @ by an even greater amount, 
the change in 0 would soon build up to an amount that 
would cause the reticle to overshoot the target. The pilot 
would then change his turning rare in che opposite direc- 
tion and the situation would be repeated. As a result, che 
reticle would oscillate about the target and an unstable con- 
dition would result. Because the quick indication term, be- 
ing derived from aircraft accelerations, is essentially а rate 
term its effect will be evident before the effect of a change 
in lead angle. Thus, as the interceptor maneuvers, the out- 
put of che smoothing filter and, therefore, the direction of 
the antenna in space will be changed almost immediately. 

Quick indication will not entirely overcome the effect 
of antenna stabilization, so as the interceptor turning rate is, 
for example, increased (о bring the reticle on target, the 
antenna will not immediately turn with the interceptor and 
the lead angle will increase. The increase in lead angle will 
be reflected by a proportional increase in the aided tracking 
signal and Көз сөтрсей) both of which are functions of the 
lead angle. As a result, the output of the rate gyro will 
assume a value which is equal to the actual rate of the track- 
ing line plus an amount which is proportional to the increase 
in the computed rate of the tracking line. If the latter por- 
tion of the rate gyro output appeared at the summing point 
at the input to the steering amplifier, the lead angle would 
cend to increase in order co reduce the input of the steering 
amplifier to zero. If the lead angle increased, the same un- 
stable condition as described in the above paragraph would 
result. As the lead angle increases rapidly in comparison to 
changes of the actual rate of the line of sight, by smoothing 
the gyro output only the undesired portion due to the in- 
crease in lead angle will be smoothed and the desired por- 
tion will be relatively unaltered. 

In attempting to give a physical description of the 
action of the smoothing and quick indication features in 
the optical mode, each has been considered as performing 
its function independently. Actually, a more rigorous mathe- 
matical treatment would show that together both operate 
on the voltage representing che rate of the tracking line 


to produce a voltage equal го the rate of the line of sight 
plus a voleage proportional to the cracking error rate (the 
difference berween che rate of the line of sight and the rate 
of the tracking line). As this latter term has the character 
of noise, it is reduced by the smoothing action of the filter. 
Thus, even with a tracking error, the output of the filter 
is very nearly equa! to the rate of the line of sight. Any 
aircraft maneuver made to bring the reticle on target can 
then be interpreted as changing the tracking error rate. 
Due to the action of the smoothing filter on this term, there 
will be little change in the voltage ас the output of the 
filter. The reticle will chen almost immediately turn with 
the interceptor so that it can then be brought on target. 


Snake Mode 


The snake mode is a non-attack mode in which the 
computer configuration is nearly identical to that described 
in the previous section for the rocket lead-pursuit mode. 
Ia the snake mode, che сагрес is tracked in range апа bear- 
ing, the computer being furnished with che necessary radar 
information to develop steering signals for presentation on 
the radar indicator. Steering signals are not coupled to the 
automatic flight control subsystem in this mode as can Бе 
done in the radar lead-collision mode. If the pilot flies the 
interceptor so as to keep the steering dot on the radar 
indicator centered, the interceptor will be directed along 
a lead-pursuit course. After a short time, the interceptor 
will be directly off the cail of the target, remaining in this 
position as long as the steering dot is kept centered. The 
"target" in this mode is, of course, another interceptor of 
the same group. Ordinarily, this mode will be used when 
visual contact among interceptors of a squadron is impos- 
sible due to poor visibility. 


Secondary Computing Functions 


The secondary computing functions of the radar and 
computing subsystem are performed by the air data com- 
purer and rhe nose-tail computer. The air data computer is 
used to compute various aerodynamic quantities required 
by the MG-10 system and to compute the missile F. The 
nose-tail computer is used to determine which hemisphere 
of the target the radar beam is in and to initiate ашо- 
matically leading or trailing edge tracking of the target 
echo, accordingly. 


Ай Data Computations 


The air data computer is the central source of com- 
puted air data for che entire MG-10 system. Four basic 
indicated quantities are picked up by sensors in the air- 
stream. Eight different outpur quantities are determined 
from the indicated quantities by six loop servo analogue 
computers. (Two of the loop servos compute different 
quantities for missiles and rocket attacks.) The input quan- 
tities are affected by local airflow and must be corrected 
to give the crue values, that is, the values in the undisturbed 


airstream. These corrections have been found to be func- 
tions of Mach number only. 

The four basic input quantities are: static and toral 
pressure, .stagnation temperature, and angle of attack. 
Static and total (ram) pressure are picked up by che pitot- 
static tube at the end of the nose boom. The stagnation 
temperature (the temperature of air whose motion has been 
arrested) is measured by a temperature probe mounted 
flush with the fuselage. Angle of artack is measured by the 
angular displacement from the aircraft reference line of 
an airfoil which aligns itself with the relative wind. The 
airfoil is mounted in the air stream near the nose of the 
F-102A. 

The eight computed quantities are: Mach number, 
true air speed, dynamic pressure, true angle of attack, air 
density or missile F, and jump angle for rockets or missiles. 
These required air data are calculated by six positioners with 
amplifiers which constitute loop servo analogue computers. 
Mach number is computed as a function of indicated static 
pressure and indicated differential pressure (rota! — static 
pressure), and is used by close-loop servos to correct the 
input quantities. Mach number also is used by other 
positioners in their computations. 

True airspeed is equal to Mach times the speed of 
sound. Since the speed of sound is proportional to the 
square root of ambient temperature, and ambient tempera- 
ture is rhe stagnation temperature times a function of 
Mach, true airspeed may be computed from the stagnation 
temperature and Mach number. 

Dynamic pressure (also called impact or velocity pres. 
sure) is equal to one-half air density times che airspeed 
squared. Dynamic pressure is closely related to the force 
per unit area acting on a body extending into the аш- 
stream. It can, cherefore, be used as a measure of control 
surface effectiveness. Dynamic pressure is computed as a 
function of indicated static pressure and Mach number. 

The true angle of attack is computed by a positioner 
from the indicated angle of attack. A correction based on 
Mach number is applied. 

“Тһе remaining two loop servos are jointly used to 
compute different quantities depending upon whether che 
attack is to use rockets or missiles. One positioner com- 
putes air density for rocket attacks only. Air density is com- 
puted from the indicated pressure and temperature which 
are corrected as a function of Mach number. For mussile 
attacks the same positioner computes the missile Е — that 
is, relative run of the missile. (The need for an F com- 
puration is discussed in the next portion of this section.) 
The missile F is a function of air density times the velocity 
of sound. Missile F is obtained by computing air density 
times the velocity of sound and positioning the wiper of 
a potentiometer, accordingly. 

Jump angle (thar is, the difference in the final direc- 
tion of the armament and the direction of the launching 
device) is a function of angle of attack, true airspeed, and 
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velocity of the armament. A different jump angle is, there- 
fore, computed for rockets and missiles. The same servo 
loop is used for both computations. Relays make the 
necessary alterations. for the dual operations. 


The Missile F Computation 


As was shown in the discussion of the primary com- 
puting functions, the interceptors armament is launched 
at a Certain point in space and travels a certain distance, F, 
relative to the interceptor during its time of flight. This 
distance, F, appears in the steering equations as one of the 
known parameters. In the case of rockets, which аге поп- 
maneuvering aerodynamic bodies, it is possible to determine 
through rests one value of F which will optimize the prob- 
ability of hit and still provide safety from collision. This Е 
is chen ser into rhe computer as a fixed value. As Falcon 
missiles are maneuvering aerodynamic bodies, it is not pos- 
sible ro use a fixed value of F, Thus, a value of F must be 
computed which will optimize the probability of hir. 

The probability of hir varies with the missile time of 
flight in a manner shown in Figure 9. The optimum time 
of flight, Tr, (and hence the optimum Е, which is 
equivalent co іг), is that which maximizes the probability 
of hit, Рн, and is shown in Figure 9 as a dashed line. 
The two vertical solid lines show the limits within which 
T, can vary without excessive degradation of the prob- 
ability of hir. Considering the relationship between Р, and 
Ту over a range of values of the product, pa, where р = air 
density and a — speed of sound, it can be shown that if 
pà decreases (that is, if altitude increases) the curve must 
be shifted co the right. Thus, in order to prevent the prob- 
ability of hic from decreasing as the altitude increases, the 
time of flight (and hence, F) must increase. It is necessary 
that Е increase with altitude because the missiles total 
time constant must be increased with altitude and, there- 
fore, with the increase in its time constant the missile 
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Fig. 9. Variation of missile probability of hit (Р,) as а 
function of missile time of flight (T. 
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Fig. 10. Required variation of missile F as a function of ра. 


requires more range in which то cancel ош launching 
errors. It is permissible for F со increase with alritude be- 
cause the drag decreases with altitude and the missile can 
fly a greater distance before its speed is reduced to a point 
where the probability of hit is degraded excessively. The 
missiles total time constant must be increased as altitude 
increases because the effects on che over-all feedback loop 
of system noise, target scintillation, and radome error 
derivative are magnified ас higher altitudes. 

The manner in which F varies with pa is shown in 


Figure 10. 

As can be seen from this curve, F varies from a mini- 
mum value of 3500 feet ac А = 0.357 (ра = 2.8 which is 
equivalent to an altitude slightly lower than sea level) to a 
maximum value of 16,000 feet at = =5.6 (ра = 0.18) 


which is equivalent to an altitude of approximarely 55,000 
feet. Е is limited to 16,000 feet because if larger values of 
Е were used in the fire control equations, che distance the 
missile would travel would be such thar its terminal veloc- 
ity would be too low. In addition, if it were launched at 
a distance from the bomber such chat its relative travel 
would be greater than 16,000 feer, the target return might 
be so small as to be lost in the missile receiver noise. 


The Мозе-Тай Computation 


In the discussion of radar functions, ic was pointed out 
that one method of ргеуепипр loss of lockon with chaff- 
dispensing targets is tó position thc range gate so that 
it is coincident in time with either trailing edge or leading 
edge of the target return, depending on whether the first 
radar return is from the tail or nose of the target. Leading 
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or trailing edge pulse sychronization is placed in operation 
either automatically (after lockon) through the action of 
the nose-tail computer or manually (before lockon) when 
the pilot actuares the nose-tail switch on che flight stick. 
The purpose of che nose-rail computer, chen, is to determine 
whether the pulses of radar energy are striking the nose 
or tail of the target first and to send a signal го the radar 
ro initiate either leading or trailing edge pulse syn- 
chronization. 
A typical arcack situation is illustrated in Figure 11. 
If che target, whose velocity is Vp, is flying so that it makes 
an angle A, with the radar range vector, R, the first recurn 
will be from the carget’s tail. If the angle is А, the first 
return will be from che rarger's nose. Thus, if the angle A 
is less than 90 degrees a tail condirion is indicated and if 
angle А is greater chan 90 degrees a nose condition is in- 
dicated. It is noe possible, however, to determine the size 
of this angle directly. 
From Figure 11 the following relationship can be 
WRITTEN: ۱ 
۱ В = Vi, cos А — Vp cos 8 (16) 
where R, the range rate, is negative when che range is 
decreasing and A 1$ the angle berween the radar range 
vector and the target's velocity vector measured as shown 
in Figure 11. 
Equation (16) can be rewritten as follows: 
Ук cos А = R + V, cos 8 (17) 
For a tail condition Ун cos A will be positive while 
for a nose condition V, cos A will be negative. As Ув cos А 
cannot be measured directly in che interceptor while each of 
the three terms on the right side of equation (17) can be 
measured in the interceptor, che operation indicated on the 
right side of equation (17) is performed to determine the 
sign of У, cos А. 


Fig. 11. Nose-tail at- 
tack determination. 


In the mechanization, R is supplied by the radar, cos 
۵ is furnished by the azimuth resolver, and Vp (true air- 
speed) is coupled from the air data computer. A voltage 
proportional го cos @ is applied to che ungrounded end of a 
potentiometer network, while the position of the poten- 
tiometer wiper is determined by V,. The voltage at the 
potentiometer wiper is then Ур cos ۸ This voltage is 
summed with a voltage proportional to R at а summing 
poinr and the polarity of the resulting voltage is an indica- 
tion of whether the interceptor is on a nose or tail attack. 
If on a nose attack, a relay is activated by means of a 
coincidence circuit and a signal is delivered «o the radar 
subsystem co initiate leading edge pulse sychronization. 


APPENDIX | 


MAGNETRON TUNING 


The use of a tunable magnetron in the system mini- 
mizes the effectiveness of enemy jamming, prevents inter- 
ference among interceptors operating in radar search 
and;or in missile attack, and prevents che triggering 
of ground navigational beacons when the system is in 
ground map operation. As can be seen from Figure 12, 
the magnetron runing range is divided into three bands; 
search, missile attack, and identification. Limit switches 
are incorporated in the tuning motor to provide che desired 
operation of the magnetron. 

During radar search the magnetron will transmit at a 


frequency in the search band.' If the “Anci-jam” button is 
pressed and held, che magnetron will tune to the high 
limit switch. Upon reaching this switch, it will begin tun- 
ing down in frequency until the low-limit switch is reached 
and then begin tuning up in frequency—continuing the 
cycle as long as the button is depressed. About seven sec- 
onds are required to tune through the search band. 


‘Efforts аге now under way to extend the lower end of the 
search band down to 8500 megacycles and the upper end то 9250 
mewacycles. The upper limit of the search band will then be above 
the highest missile frequency. 
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Ac a certain time after lockon, the magnetron will 
automatically begin tuning from the search band to the 
desired missile attack frequency. If the magnetron fails to 
stop tuning when the desired frequency (any one of six) 
is reached, its frequency will continue to increase until 
che tuning motor stops upon hitting the missile high-limit 
switch. It will continue transmitting at this frequency until 
the system is rerurned to the search mode or until the 
missile preparation program is permitted to repeat. In the 
latter case, the magnetron will tune down in frequency 
until the missile frequency is again reached. Approximately 
10 seconds are required to tune from the search frequency 
to the proper missile frequency. 

When the pilot switches to Beacon operation, the 
tuning motor tunes from either the search or missile bands 
to the missile high-limit switch which turns off the magne- 
tron. The magnetron remains off until the motor reaches 
the beacon limit switch. The FIS magnetron transmits in 
the identification band as do the FIS and ground beacon 
transpondors. Approximately 14 seconds are required то 


tune from che search band to the beacon interrogation. 


frequency. 

As with all similar radars, there is a tendency toward 
magnetron frequency pulling due to the scanning antenna. 
In fixed frequency systems this effect may be minimized 
by tuning procedures. However, for a tunable system such 
as MG-10, where a frequency band of about eight percent 
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Fig. 12. Tunable magnetron tuning ranges. 


is required, this procedure is not usable. Instead, a ferrite 
isolator, often called a gyrator, is used to minimize the 
effects of mismatch. 

A shaped slug of ferrice is placed in the center of a 
square waveguide in which a d-c magnetic field exists. The 
d-c field is adjusted to produce a 45-degree rotation of the 
r-f field. Rectangular-to-square waveguide transitions are 
used го couple energy from the magnetron to the gyrator 
and from the gyrator to the antenna. Energy reflected back 
down the line due го the mismatch passes through the 
ferrite and is rotated another 45 degrees. Thus, on the 
magnetron side of the gyrator the magnetron output and 
reflected energy are 90 degrees out of phase. Being orthog- 
onal ro che magnetron ourput, the reflected energy can be 
decoupled into an external load, thereby removing the 
cause of magnetron frequency instability. 
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B — MISSILE AUXILIARY SUBSYSTEM 


The GAR-1 semiactive and the GAR-1B passive mis- 
siles require a certain amount of preparation for launching. 
The portion of the fire control system which is used to 
perform these prelaunch preparations is called the missile 
auxiliary subsystem. 

The GAR-1 missile has the following prelaunch re- 
quirements: 

1. The MG-10 radar transmitter must be tuned to a spe- 
cial frequency and the radar PRF must Бе set to that 
of the missile. 

2. Тһе missile local oscillator must be tuned to a fre- 
quency 60 megacycles below the special frequency to 
which the radar transmitter is runed. 

3. Тһе missile range tracking gates must be positioned 
with respect to the radar range gate so that when the 
missile receives target echoes the resulting video will 
be between the missile tracking gates. 

4. The time constant of the antenna tracking loop must 
be increased with altitude to reduce the effects of radar 
scintillation noise and radome boresight errors. 

5. The aerodynamic sensitivity of the missile must be 
constant over the altitude range of the interceptor and 
for all attack geometries. Thus, the auxiliary equipment 
must determine the missile gain required to achieve 
constant aerodynamic sensitivity and sec this gain into 
che missile. 

6. The seeker heads must be positioned to point in the 
same direction as the radar antenna (thar is, аг che 
target). 

7. External power must be supplied to the missiles prior 
to launching. This power is required to maintain cir- 
cuit stability, to preserve missile internal power, to 
accelerate warm-up of vacuum tubes so that they need 
be on for only a minimum time ( This is done because 
the missiles dissipate heat poorly and with filament 
power on, the internal missile temperature rise is 
rapid; and because попассе!егагей warmup requires 
several minutes.), and for blowing fuses and squibs 
within the missiles at che proper times. 

The GAR-1B has only three prelaunch requirements. 
These are the last three listed above under GAR-1. 

Operations required prior to launching GAR-1 mis- 
siles and the GAR-1B missiles, when fired in mixed salvos 
with the САК-1, are initiated by the prelaunch timing 
signals generated in the Universal Computer and coupled 
to the missile auxiliaries. There are chree of these timing 
signals, designated А, B, and D. They normally occur 40, 15, 
and 2.6 seconds prior to the E (firing) signal respectively. 
As an unmixed GAR-1B missile salvo is fired by means 
of the optical sight on a pure pursuit attack course, it is 
not possible to supply the missile auxiliaries with com- 
putéd time signals. Instead, programing of prelaunch oper- 


ations and missile firing are accomplished manually by 
means of the trigger switch on the flight stick. 

Each of the operations required to prepare the mis- 
siles and radar for missile launching is accomplished by a 
specific unit of the missile auxiliary subsystem. Hence, the 
functional description of the subsystem which follows will 
be for the most part on an individual unit basis. 


Radar Transmitter Tuning 


The radar transmitter tuning servo is used for pre- 
cision tuning of the radar magnetron to a preser frequency, 
for preselection of a radar pulse repetition frequency at 
which the radar will operate during the missile mode of 
operation, and to furnish a reference voltage for pre-posi- 
tioning of rhe missile local oscillator tuning motor. 

During search operation, the radar transmits in the 
search band (the lower band of frequencies over which 
the magnetron can nune) at a jittered pulse rate of 416 
pulses per second. (After lockon, the pulse rate is 910 
pulses per second, jittered.) Upon ‘receipt of the first pre- 
launch timing signal from the computer, the А signal, the 
radar transmitter tuning servo assumes control of the mag- 
netron tuning motor and begins tuning che magnetron to 
the preset frequency, which is one of six assigned to mis- 
sile operarion. Ас the computer B signal, the radar pulse 
rate is changed to the preselected frequency, which is 
nominally 2000 pulses per second (nonjittered) and which 
is one of five assigned to missile operation. All missiles are 
coded so that a simple visual inspection of the missile 
during ground preparations will reveal the particular PRF 
to which the missile will respond. By properly assigning 
missile frequencies and missile PRF's (30 combinations 
of transmitting frequencies and pulse, rates) among inter- 
ceptors flying the same mission, interference among inter- 
сергог in the attack phase is practically avoided. 

During ground operations, a tuning knob on the 
transmitter tuning servo box is set at one of six detent 
positions (frequency channels). Setting of this tuning 
knob adjusts a resonant cavity in the unit to a preselected 
frequency. This control also selects a voltage divider net- 
work which controls coarse tuning of the missile local 
oscillator. A pulse repetition frequency compatible with 
the missiles being loaded is selected by pressing a button 
which energizes a stepping relay. Depending upon the 
position of the relay, one of five indicator lights will glow. 
Each time the button is pressed the relay will stop and a 
differenr indicator light will glow. With the stepping relay 
in the desired position (as indicated by a glowing light), 
preselection of one of бує crystal oscillators in the radar 
and computing subsystem which determines the radar pulse 
rate is accomplished. 

It is che function of the transmitter tuning servo to 
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provide driving voltage of the proper polarity to the mag- 
netron tuning motor to tune the magnetron to the fre- 
quency to which the resonant cavity was pretuned. At the 
computer A signal, control of the runing motor is trans- 
ferred from the antijam burton in the cockpit to the tuning 
servo. The tuning motor is then caused to rotate in a 
direction so as to increase the frequency of the magnetron. 
When the magnetron output, a portion of which is coupled 
into the resonant cavity, reaches а frequency approximately 
10 megacycles below the resonant frequency of the cavity, 
control of che tuning motor is transferred to a microwave 
discriminator in the unit. Input to this discriminator is 
derived from two crystals mounted at the input side of 
the resonant cavity. Wich the input to the resonant cavity 
10 megacycles below its resonant frequency, the output of 
the discriminator will be of a polarity equivalent to the 
slewing voltage. As the magnetron frequency is driven 
above the resonant frequency of the cavity the output of 
the discriminator will reverse in polarity causing the тар- 
netron frequency to decrease below the сауісу5 resonant 
frequency. To minimize motor coasting, and, therefore, 
frequency hunting, chis unit provides dynamic braking of 
the tuning motor. If frequency lockon does not occur, the 
tuning motor will continue to drive the magnetron until 
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іс reaches the high end of the missile band(see Figure 12 
in che radar and computing subsystem chapter) and en- 
gages a limit switch’. The magnetron will remain at this 
frequency until the system is switched to some other mode. 


Missile Local Oscillator Tuning 


The missile local ascillator tuning servo is used to 
adjust the frequency of the klystron local oscillator in the 
missile to a frequency 60 megacycles below the frequency 
of the radar transmitter. (The intermediate frequency of 
the missile receiver is 60 megacycles.) Setting of the local 
oscillator frequency is accomplished in two steps: (1) аг 
the computer А riming signal, pre-positioning of che local 
oscillator tuning motor begins, which brings rhe local oscil- 
lator frequency to within che range of the fine tuning 
portion of the unit; (2) at the next prelaunch timing signal, 
the B signal, the pre-positioning circuits are cur out and 
the fine runing portion of the unit assumes control of the 
tuning motor to bring the klystron frequency to within 
+1.5 megacycles of the desired frequency. Fine tuning 


ЧЕ che radar search band is extended со a frequency beyond the 
اوس‎ band, as is presently anticipated, a different technique will 
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Fig. 1. Missile local oscillator tuning servo functional block diagram. 
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control of the local oscillator continues until the umbilical 
pins become disconnected ас launch. At the third computer 
signal, све D signal, a 28-volt d-c voltage is applied to the 
control phase of the rwo-phase tuning motor in order to 
minimize hunting. This damping action continues after 
launch by means of circuitry contained within the missile. 
Although no power is applied to the tuning motor after 
launch, damping continues to eliminate any rotation of the 
motor due to the inertia of the rotor. 

As can be seen from the missile local oscillator cuning 
servo block diagram, Figure 1, the design of the unit in- 
corporates two feedback loops. One feedback loop is ef- 
fective only during coarse tuning, while the other feedback 
loop is effective only during fine tuning. In the feedback 
loop used for coarse cuning (the lowest loop of Figure 1), 
a 4-с voltage is fed back from a potentiometer, whose 
wiper position is controlled by the tuning motor, to a 
summing point at the input to the B section of a balanced 
amplifier; the voltage at the input to this section will then 
be the sum of this voltage and a 4-с voltage determined 
by the position of the selector switch. During the coarse 
tuning operation, the fine runing feedback loop is broken 
by effectively disconnecting the output of the discriminator 
from the input to the А section of the balanced amplifier. 
The configuration of the A section is such (һас under this 
condition its conduction is the same as the conduction of 
the B section when the B section is switched to a source 
of -+50 volts. 

Ac the beginning of che coarse cuning operation, the 
voltage at the summing point at the input to the B section 
will not be +50 volts. Because of this, che current through 
the control windings of the two saturable transformers will 
be unequal. This condition results in a voltage at the out- 
put of the secondary windings which has an amplitude 
and a +90 degrees phase relationship to the voltage across 
the reference winding of the tuning motor dependent on 
the relative saturation of the transformer cores. Any output 
of the secondaries causes the runing motor to rotate іп a 
direction so as со bring the voltage at the summing point 
to +50 volts. When this condition occurs, the output of 
the secondaries will be zero and the tuning motor will stop 
rotating. The klystron cavity will then have been adjusted 
so that the klystron will be operating at a frequency which 
when beat with che magnetron frequency will result in a 
difference frequency within the pull-in range of the dis- 
criminator. 

At the computer B timing signal, the input to che B 
séction is switched to a source of -Б50 volts and the A 
section is switched to the discriminator output. Ас this time 
tlie discriminator output will be some positive or negative 
voltage (see Figure 2) and until this output is reduced to 
zero the two sections of the balanced amplifier will be 
unbalanced. This unbalance causes the tuning motor to 
rotate in a direction thar will tune the klystron to a fre- 
quency 60 megacycles below the radar transmitter fre- 
quency. As can be seen from the discriminator response 


Fig. 2. Discriminator response characteristic. 


characteristic, Figure 2, when this occurs the discriminator 
output will be zero. With the input to the À section again 
reduced to zero and with -+50 volts at the input co the B 
section, che balanced amplifier will once again be balanced 
and, if other effects were not present, the tuning motor 
would stop rotating. In order to overcome these effects, 
+28 volts is applied to the tuning motor control phase 
at the computer D timing signal. 


Missile Range Gate Positioning 


The missile range gates must be brought into a posi- 
tion such that they will be coincident in time with the 


-target return received by the missile when the missile is 


launched. This positioning is done by the range gate servo, 
by reference to the radar tracking range gate, to an ac- 
curacy of +0.1 microsecond. This action of the servo be- 
gins at the B timing signal when circuitry in the radar 
is automatically selected which establishes the radar pulse 
rate at the same frequency (nominally 2000 cycles per 
second) as that determined by the missile’s crystal oscillator. 

In the missile, range tracking is provided after launch- 
ing by employing early and late tracking gates. These gates 
and the target video received by the missile after launching, 
are coupled into a time discriminator. The output of the 
missile discriminator is a current which is applied to a 
Miller integrator. When the gates and target video occur 
in time as shown in Figure 3(а) (chat is, when the cross- 
hatched lines in the target video represent equal areas), 
the time discriminator has no effect on che voltage output 
of the integrator. If the areas are unequal the discriminator 
will produce a current pulse which occurs at the repetition 
frequency of the tracking gates and is of a magnitude 
proportional to the inequality and of a direction indicative 
of the sense of the inequality. This current pulse will either 
increase or decrease the output voltage of the integrator. 
The integrator output volrage affects the frequency of the 
crystal oscillator chat controls che repetition race of the 
missile tracking gates so that these gates will be main- 
tained in the time relationship with the target video shown 
in Figure 3(a). 

During the period between the B signal and missile 
launching, the missile range tracking circuitry makes use 
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of the time discriminator in the missile range gate servo 
to generate a lock-on error voltage which affects the fre- 
quency of the crystal oscillator in the missile. During this 
period, the missile time discriminator is effectively short- 
circuited, its function being assumed by the time dis- 


criminator in the range gate servo. The range gate servo 


time discriminator functions differently from the missile 
time discriminator in that it effectively compares the time 
relationship between the radar range gate (which is coin- 
cident with the target after lockon) and the missile late 
tracking gate rather than both tracking gates. 

In order to accomplish this prelaunch range tracking, 
rhe missile late gate is coupled to the range gate servo, 
Figure 4, where it is used to trigger a multivibrator having 
the output waveform shown in Figure 3(c). The multi- 
vibrator output and the radar range gate are coupled to a 
time discriminator in the range gate servo. When these 
inputs have the time relationship shown in Figure 3(c) 
and (d), there will be no lock-on ertor, and, hence, the 
discriminator output will be of neither positive nor negative 
polarity. Due to the long time constant of circuits follow- 
ing the discriminator, if there is an error, the discriminator 
output will remain relatively constant between range gate 
pulses. This output is coupled to the missile crystal oscil- 
lator through the time discriminator in the missile. 

When an error voltage exists, а —250-volt disabling 
voltage will be applied through the contacts of а nonen- 
ergized relay to the missile tracking gate pulse amplifiers. 
In the absence of these gating pulses the time discriminator 
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will cease to act as a time discriminator and will act as a 
closed switch. The error voltage will then act on the mis- 
sile crystal oscillator continuously. With the error voltage 
affecting the crystal oscillator continuously (rather than at 
the pulse repetition frequency as is done when the missile 
is tracking the target video), lockon is accelerated, range 
gate slewing being accomplished at more than 50 micro- 
seconds per second. Wherever lockon is achieved, the 
disabling voltage is removed and the missile time dis- 
criminator is returned to its original configuration. When 
this occurs the d-c error voltage affects the missile crystal 
oscillator only intermittently. However, the range gate 
servo continues to exercise positioning control until launch. 


Computation of the Missile Gain Settings 


The computation of the missile gain required to 
achieve optimum aerodynamic sensitivity and to reduce 
the effects of radar scintillation, noise and radome bore- 
sight errors is done by what are called the parameter com- 
puters. Before discussing the operation of the computers, 
it will be worthwhile to explain what the missile gains 
are and why they are needed. 

By definition, a collision course will be flown if the 
space rate of the line of sight, ё, between the target and 
missile is zero. In order to maintain this condition, the 
missile flippers are positioned so that if the missile seeker 
head detects а ë, the missile will turn at a rate, у, іп the 
same direction as о. The missile is designed so that for 
any given condition of flight there is a linear relationship 
between the rate of the line of sight and the rate at which 
the missile turns in attempting to bring a back to zero. 
(This type of operation is called proportional navigation.) 
Thus 

yA, (1) 
where А is the proportionality factor. 

This relationship is shown in the navigation system 
block diagram, Figure 5. Now, if the missile is off course, 
the angle, о, which the line of sight makes with some 
arbitrary spatial reference line, will change. The missile 
detects this change of с as a space rate of the line of sight, 
g. The control system in the missile deflects the missile’s 
flippers by an amount 8 equal to Съб, where Си is de- 
fined as the missile gain. This deflection, in turn, causes 
the missile to turn at a rate y which is equal to K,8, where 
K, is the flipper effectiveness. 

The turning of the missile results in a change in ç, 
which is proportional to 1/r, where r is called a navigation 
parameter and is equal to D/Vmr. D is the closing rate 
(along the line of sight) of the missile on the target, and 
Vmr is the. component of missile velocity along the line 
of sight. 

The open loop gain of the system shown in Figure 5 
is A x l/r. This product has been given the symbol A, 
where A is called the navigation constant. Analytical and 
simulator studies have shown that for maximum prob- 
ability of hit, A should have a value of 4. (Above 50,000 
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Fig. 4. Functional! block diagram of missile range gate servo. 


ft, a substantia! improvement in probability of hit can be 
effected by increasing A from 4 to 5.) 


Now the flipper effectiveness, K,, varies with 1/ра 
(which is a measure of altitude) and so will have dif- 
ferent values for different attack situations. Also, г will 
have different values for different attack situations. There- 
fore, in order to make À — 4, it is necessary to determine 
the values of pa and r prior to each particular attack and 
set Сы accordingly. The required setting of См is found 
merely by expressing А їп terms of the above variables, 
setting it equal co 4, and solving for См. Thus, 


NER 
سو و‎ id (2) 
См==К.4г(ра), (3) 


where К is a constant of proportionality. 

In addition to varying Сы from one attack to the 
next, it is necessary to limit the maximum deflection of 
the flippers as a function of altitude. (See Figure 6.) This 
must be done to prevent the maximum turning rate of the 
missile from exceeding a value consistent with the struc- 
tural strength of the missile. The amount of flipper de- 
flection required to produce this maximum turning rate 
varies directly with altirude (ie, 1/pa). At 35,700 ft the 
deflection required to produce maximum turning rate is 
15?. For aerodynamic reasons, the flipper deflection must 
not be increased beyond this value. 

In the Falcon missile, the gain adjustment required 
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Fig. 5. Missile navigetion system block diagram. 
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for pa апа г, and the flipper limiting adjustment for pa 
are accomplished by the adjustment of two attenuators, 
arbitrarily called С, and Gp, which are placed on either 
side of an electronic limiter, which prevents the flipper 
deflection from exceeding 15°, as shown in Figure 7. 

The С, attenuator is set in accordance with г below 
35,700 ft, and with r and pa above 35,700 ft, as indicated 
by Figure 8. 

The Gp attenuator is set in accordance with pa as indi- 
cated in Figure 9. 

In Figure 7, the missile's seeker head precession loop 
was not shown. The output of this loop, which is shown 
in Figure 10, actually is proportional to 


| 1 
эт). n 


where r is the loop time constant and p is the differential 
operaror d/dr. 

As can be seen from Equation (4), the ratio of the 
missile's response to a trajectory error will be a function 
of т, which varies inversely with the gain of the missile re- 
ceiver. To maximize the missile's rate of response, it would 
be desirable (о make the receiver gain as large as possible. 
Unfortunately, there is noise (due to scintillation of the 
target echoes) in the receiver output. This noise, which 
is proportional to the gain of the receiver, produces a 
flipper deflection. As discussed previously, the maximum 
flipper deflection is limited. Therefore, to minimize the 
problem of the flippers being saturated by the receiver 
noise, the receiver gain is set to the lowest value which 
will provide adequate missile response. The minimum ac- 
ceptable rate of missile response is proportional ro the 
missile time of flight, and the latter increases with altitude. 
Consequently, it is desirable to decrease the receiver gain 
with altitude. 

The receiver gain is adjusted prior to an attack by 
means of an attenuator, called che Ст attenuator, placed ас 
the output of the receiver. The gain of this attenuator is 
determined by the value of pa as indicated by Figure 11. 
Because no scintillation noise is ргезепс іп the GAR-1B 
infrared seeker missile, по Ст attenuator is needed. 


The Mssssle Parameter Attenuators 


Each missile has two г attenuators and two p attenu- 
ators, one each for the pitch channel and the yaw channel. 
The GAR-1 has one r attenuator. These attenuators consist 
of a network of resistors and fuses. By blowing the fuses, 
іс is possible to set the gain of the attenuators. The т 
attenuator has three fuses, the p attenuator has four fuses, 
and the r attenuator has five fuses, only four of which can 
be independently blown. All possible fuse combinations 
allow eight attenuation steps in the т attenuator and 16 
steps in the p and г attenuators. As a result, the attenuator 
gain is set in discrete steps; therefore, the gain setting for 
any particular attack condition is not exactly that shown 
by the gain curves. Maximum attenuation exists when all 
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„fuses are blown. The purpose of the MG-10 parameter 


computers is to select and prepare for blowing a combina- 
tion of fuses which, when blown, will provide an attenuator 
gain in accordance with the gain curves. For convenience, 
a binary digital notation is used to designate the condition 
of the fuses, 0 indicating an unblown fuse, and 1 indi- 
cating a blown fuse. Thus, 1011 would indicate che first, 
third, and fourth fuses blown. Computations are initiated 
by the D timing signal and require a maximum of 0.64 
sec for completion. Certain relays in the MG-10 fuse con- 
trol unir are then energized which select the desired fuses 
in the missile attenuators. Ac che E timing signal, power 
is autornatically applied to the fuses to blow them. 


Mechanization of the r Parameter Computer 


As mentioned previously, 


MER TOT 
Г == Vu LX. VaR , (5) 


where Vmr = component of missile velocity along the line 
of sight from missile to target, 

Утв = сотропепс of target velocity along the line 
of sight from target to missile. 

In order го compute г, it must be defined in terms of 
quantities available in the interceptor. Figure 12 will be 
used to derive this relationship. It will be noted that, be- 
cause r is computed under the conditions existing at 
launch, the line of sight from missile to target will be 
coincident with the line of sight from interceptor to 
target. Thus, Vin and Verr will be the velocity com- 
ponents of missile and target, respectively, along the line 
of sight from intercepror to target. 

In order to put Equation (5) into a useful form, it 
is operated on in the following manner: 


m Vinn— Утв IE Ver+Ver 
Мав — Ver +Ver 


(Мон Мек) — (Vra—Ver) | (6) 
(Мав —Vrn) +-Ver | 


where ۷ ہم‎ == component of interceptor velocity along line 
of sight from interceptor to target. 

Now, Vian—Vrr is equal co che relative velocity be- 
tween the missile and interceptor as measured along the line 
of sight. Writing this as A Van, and noting Ута Ува, 
the radar range rate, Equation (6) can be rewritten as 


AVmr—R AVmcos 6 —R 


ЛУД ЕУ ДУ, cos Ур cos 8 


= ۵۷۶۰ со; (7) 
AVotVr ` 


where A ۷, == velocity of missile relative to interceptor, 
Vp = velocity of interceptor (True Air Speed), 
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Fig. 7. Partial missile functional block diagram showing Fig. 10. Simplified functional block diagram of GAR-1 
how the missile gain adjustment and flipper limiting are seeker head precession loop. 
accomplished. 
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@ = angle between line of sight and interceptor 
heading. 

Little error will be caused by assuming AV, always 
to be equal to 1150 ft/sec. A good average value for £ 
has been found to be 15?. By using these assumptions, 
Equation (7) can be rewritten as follows: 

1150 — 1.03 В 
r= 04 V, ` (8) 
Equation (8) is that which is mechanized in the г 
parameter computer. 

Ic was pointed out previously that, for altitudes above 
35,700 ft, С, must be modified to take into account not 
only attack geometry, but also pa. This is done by multi- 
plying the right side of Equation (8) by the ratio of the 
value of pa at 35,700 fr (0.696) to that аг an altitude 
2/3 of the vercical distance between interceptor and target 
(the value of pa computed by the air data computer). 
The minimum value of this ratio, of course, is 1 and 
occurs at 35,700 ft. The ratios maximum value occurs at 
the limit of the pa computation (pa — 0.18, which is equiva- 
lent to 63,000 ft). When the right side of Equation (8) 
is modified in this manner, the new expression is called д. 
Thus, 


0.696 
ра 


= r; (9) 

These expressions are mechanized by coupling a fixed 
voltage analogous to 1150 ft/sec and a voltage proportional 
to che range rate from the radar to a summing point. The 
resultant voltage is coupled to an amplifier. The output 
voltage of the amplifier is coupled to one terminal of a 
potentiometer whose wiper arm is positioned in accordance 
with Vy. The voltage picked off by the wiper is then fed 
back to the summing point. The output voltage is then 
equal to r. 

In accomplishing the mechanization of Equation (9), 
a voltage equivalent to ра = 0.696 and the pa output of 
the air data computer are compared ar the input to a 
coincidence circuit. When they become equal, a relay is 
energized which modifies the feedback loop to include 
division of the denominator of Equation (8) by 0.696/pa. 
The outpur voltage is then equal to р. 

In either case, the output of the amplifier is con- 
verted to binary digital form in à manner similar to that 
discussed in the following paragraphs. 


Mechanszation of the p Parameter Computer 


The p parameter is computed as a function of pa. 
The computer mechanization is accomplished by coupling 
the 500-cycle plus phase of the pa output of the air data 
computer to one terminal of a coincidence circuit. А minus 
phase 500-cycle reference voltage is coupled to the other 
terminal. This voltage is picked off a precision voltage 
divider by a contact connected to a shaft whose angular 
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position is controlled by a stepping relay. The stepping 
relay starts stepping at che D signal and will continue to 
step until the two voltages are equal This requires a 
maximum of 0.64 seconds. Coding wafers are coupled to 
this shaft, and 28-volt d-c is coupled through these wafers 
to the fuse control unit. Thus, (һе position of the wafers 
governs the terminals to which the 28 volts is coupled, 
and the position of the wafers depends on the shaft posi- 
tion, which in turn depends upon the value of pa at which 
coincidence was achieved. The terminals are connected to 
relays in the fuse control unit. These relays in turn de- 
termine which fuses are to be blown. If the 28 volts is 
coupled to one combination of terminals, fuses 2 and 4 
might be blown in the missile; if the 28 volts is coupled 
to another combination, fuses 1, 2, 3, and 4 might be 
blown. The binary digital notation used to signify this 
condition is 1010 and 1111, respectively. 


Mechanization of the + Parameter Computer 


The т parameter is also computed as a function of 
ра. The mechanization. of this computer is similar to that 
described above for the p parameter computer. 

p 


Missile Seeker Head Positioning 


So that the missile, when launched, will be able to 
home on the target, che missile antenna must be pre-posi- 
tioned to look in the direction of the rarget. The purpose 
of the missile antenna servo is to position the seeker head 
of each missile so. that it points in the same direction as 
the radar antenna. This action starts at the B timing signal 
and continues until the missile separates from the umbilical 
plug. When the action starts the missiles are in the stowed 
position bur the direction to which their antennas are 
driven is the direction to which they must be pointed with 
respect to the missile in the extended position. The six 
missiles are stowed, three to a bay, in a forward and an 
aft bay in the fuselage of the F-102A. In each bay the 
missiles are stowed three abreast. In being extended to fir- 
ing position the two center missiles are extended down 
through the aircraft plane of symmetry such that their axes 
make an angle a with the radar boresight line at the end 
of the extension. The four side missiles are extended in a 
somewhat complex rnanner such that they. point down and 
out. If the extension distance is neglected (as parallax 
effects are negligible) ir will be noted from Figure 13 that 
the axes of the side missiles are in effect rotated through 
two angles, £ and и. Each of the six missiles is also rolled 
about its own axis such that its "top" fin makes an angle 
$ of = with the vertical. All of these angles are constants. 

From Figure 13, ic will also be noted that the missile 
pitch angle, и», is measured about missile axis B-B while 
the radar elevation angle, «, is measured about the radar 
axis У-У. The missile yaw angle, ve, is measured about the 
missile axis C-C, and the radar azimuth angle 8, is measured 
about the radar axis Z-Z. The two missile axes are in the 
plane of the missile fins. 
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Fig. 13. Position of missiles in extended position with re- 
spect to radar boresight fine. 


In order to mechanize the servo, it is necessary to 
express the radar antenna azimuth and elevation deflection 
angle in terms of the corresponding missile antenna 
yaw ahd pitch angles. This coordinate transformation re- 
sults in a complex expression which by making a number 
of approximations? reduces го the following relationships: 


и, == —k, —k, sin 0 +k, sin e (10) 
ve = k, + k; sin 0 — К, sine (11) 


The “k's” in Equations (10) and (11) are constants 
whose numerical values are dependent on che angles by 
which rhe missile axes are rotated with respect to the 
radar axes. Their values are determined by computing cer- 
tain trigonometric functions of these angles. Because these 
angles differ among certain of the missiles the constants 
are different. However, the equations for all of the missiles 
have the same form as Equations ( 10) and (11). It is inter- 
esting to note that if the radar axis is along the radar 
boresight line, sin 0 and sin є will equal zero and the 
missile ancenna will be deflected by an amount k, in the 
Pitch channel and an amount k, іп the yaw channel. The 
constant, k,, determines the contribution of the 8 com- 
ponent of the position of the radar axis to the v, com- 
ponent of the position of the missile antenna axis. The 
constant k, determines the contribution of the « component 
of the position of the radar axis to the v, component of 
the position of the missile antenna axis. 

In the mechanization, sin 0 and sin « can be obtained 
as voltages from rhe radar antenna resolvers. These volt- 
ages must then be multiplied by a certain factor. А con- 
venient and accurate method of performing multiplication 
is by means of a transformer. The output of each of the 
resolvers is coupled through a switch co the primary of a 


*One of these approximations is the disregarding of the fact 
that the radar antenna and missile anrenna coordinate systems аге 
different. (The former is an orthogonal coordinate system while the 
larrer is а non-orthogonal system.) Errors introduced by this and 
other approximations were optimized and minimized by Paysi sq 
the constants of the equations in accordance with empirical 
This can be done because the values of 0 and в introduced into the 
equations are limited со + 24 degrees. 


transformer having a turns ratio equivalent to the coef- 
ficient, К, of that term to which the resolver output is 
analogous. When the radar antenna angle increases beyond 
24 degrees, the switch connects the transformer primary 
to a source of constant a-c voltage so that the input to the 
primaries is limited at 24 degrees. For the v, channel the 
voltage at the secondary of one transformer is proportional 
to k, sin 6, while the voltage at the secondary of the other 
transformer is proportional to k, sin «. A third transformer, 
whose turns ratio for the у, channel is К, has a constant 
400-cycle voltage applied to its primary so that a voltage 
proportional to К, appears ac that secondary. As there are 
two channels, each transformer has two secondary windings 
per missile. As there are six missiles, a total of 12 secondary 
windings are wound on each of the three transformers. By 
connecting the proper secondaries in series the voltages 


-across all three of a set will add in accordance with Equa- 


tions (10) and (11). The net voltage, vs or ve, across the 
secondaries is equivalent to the position of the radar axis 
with respect to the missile antenna axes. By subtraccing 
vn, and ve, (the amount of rotation of the missile antenna 
about the missile antenna axes), respectively, from v, and 
v, an error signal will be obtained. This error signal is used 
by a servo to drive che missile antenna until the error signal 
nulls out. Rare signals, رس‎ and шг, from the radar antenna 
rate gyros are also transformed in terms of missile antenna 
coordinates and coupled to this servo to decrease the 
amount of error sustained by the servo. In order to mini- 
mize weight only one amplifier is used and ics inputs and 
outputs are time-shared by means of a motor-driven switch. 


Power Switching and Programing 


Power switching is accomplished by the missile aux- 
iliaries interconnecting unit and the missile heating power 
supply control. For the purposes of this discussion, the two 
units will be considered as one and will be referred to as 
the power switching circuitry. Programing is accomplished 
by the armament control relay assembly. This unit consists, 
as does the power switching circuitry, primarily of relays 
and a mechanical timer. 

These circuits supply the proper voltages and signals 
to the correct missile auxiliaries and missiles in order chat 
the operations listed in Table I and the programing listed 
in Figures 19 and 20 of this chapter, can be accomplished. 

The power switching circuitry receives a-c and d< 
power from the MG-10 power supply subsystem and 
switches chis power to other units of the missile auxiliaries 
and to the missiles in accordance with the setting of the 
master selector switch on the radar set control panel, at 
nose wheel retraction, and in accordance with computer 
timing signals. 

When the master selector switch is placed in the 
Warm position, certain relays in the power switching cir- 
cuitry are closed and thermostatically controlled heating 
power is supplied to the missile electronic packages and 
batteries. When the master selector switch is moved to the 


On position, voltage is coupled to the programing cir- 
cuitry (armament control rélay assembly) to energize its 
relays. 

At the nose wheel retraction signal, relays in the 
power switching circuitry are closed in order to apply 
power to the missile crystal heaters, the missile vibrators, 
the missile rate gyros, the radar rate gyros, and accelerating 
voltage to the missile seeker head ргуо5. The timer in this 
circuitry is also started ac this rime. The timer counts two 
minutes during which time the power switching circuitry 
prevents plate power from being switched to any of the 
missile auxiliaries, thereby preventing initiation of any of 
the attack operations listed in Table I. At the end of the 
two-minute period the power switching circuitry causes 


the accelerating voleage to be removed and norma! voltage 


to be applied co the missile seeker head gyros. 

In response to computer timing signals from the pro- 
graming circuitry, the power switching circuitry causes 
excitation voltage to be coupled to the reference phases 
of the missile AFC servo motor and the. missile antenna 
servo motor, causes boost and normal voltage to be applied 
to missile filaments, and furnishes power to ignite che mis- 
sile battery, warhead, and waveguide shutter squibs and to 
blow the missile parameter attenuator fuses. In response 
to the computer B timing signal ic removes all external 
power from the missiles except for crystal heating, missile 
antenna and missile AFC servo motor reference phase volt- 
age, and transfers che missiles to their own internal power. 

For ground checks, this circuitry provides power for 
exciting the missile antenna spinner motor and provides 
power for the missile vibrator so that the missile batteries 
need not be used. 

The armament control relay assembly is used to make 
armament decisions such as determining which missile bay 
should be selected and whether missile preparation should 
be stopped. Among the inputs to this unit are the radar 
lock-on voltage, the computer timing signals, signals from 
the trigger switch and action switch, the nose wheel retrac- 
tion signal, and timer and relay excitation voltage (when 
the master selector switch is in the On position). Informa- 
tion from the armament contro! panel and che launchers 
relating to missile selection and loading are used by the 
armament concrol relay assembly to determine the bay to. 
which the outpüts of the missile auxiliaries should be 
coupled. The radar lock-on voltage and the timing signal 
occurrence are used to determine whether missile prepara- 
tion should be stopped. The computer timing signals, the 
action switch signal, and the rrigger signals are effectively 
coupled through the armament control relay assembly to 
the power switching circuitry and to other units of the 
missile auxiliaries in order thar the attack operations listed 
in Table I will be accomplished. 


Altitude Difference Computation and pa Correction 


The altitude difference computer is used to compute 
the difference in altitude, (ЛН), between the interceptor 
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and target. This value is used to modify the value of pa 
Пе, (pa)n] at the interceptor's altitude (h) to a value 


‘which would exist at an altitude equal to h + 2/3 AH. 


The relationship used is (pa) 45/3 дн == (Pa) (1 KAH), 
205: This particular value of ра was chosen 
because it provided, on the basis of empirical data, the 
best probability of hit for missile launchings. 

The term, AH, is computed according to the rela- 
tionship: | 


where К = 


AH =R {sino -} 0.87 (sinecosA + sin6sinA)] (12) 


where each of the terms has been defined elsewhere іп 
this report. AH is determined as a shaft position of a 
servo motor. This motor is used to position the wiper arm 
of a potentiometer which is located in the feedback loop 
of a feedback amplifier. This amplifier divides a signal 
from the air data computer by 1 + КАН, and is used in 
the feedback loop of а servomechanism. This servo is used 
to produce a potentiometer shaft position proportional со 
ра ас an altitude equal to В == 2/3 АН. 


The Missile Preparation Program 


The missile preparation program is accomplished in 
two phases: (1) preparatory operations, and (2) attack 
operations. The preparatory operations begin when the 
master power switch on the radar sec control panel is 
placed in the Warm position. At this time power is 
coupled to the missile electronic package and battery 
heaters to maintain them at a certain minimum tempera- 
ture. This operation normally takes place while che inter- 
ceptor is on the ground in the ready condition. Two 
additional operations are required before the attack opera- 
cions should begin: (1) bringing the missile rate gyros 
up to proper operating speed quickly, and, (2) bringing 
the missile crystal ( which is used ro establish the repetition 
rate of the missile tracking gates) up to proper operating 
temperature. Of the two operations, initiation of the first 
is the most critical. This operation requires more time than 
that which transpires between the beginning of the attempt 
to lock the fire control radar on a target and launching, 
yet it cannot be started while the interceptor is on the 
ground because of the possibility of damaging the gyros, 
due to the interceptor changing direction rapidly. Кеггас- 
tion of the nose wheel has proved to be a convenient time 
to begin this operation. The lines to the missile crystal 
heater and the missile vibrator happen to be tied to the 
missile rate gyro line, and therefore, power is applied to 
them at che same time. The crystal has to be warmed up 
some time, and it is not objectionable to accomplish it at 
this time. Although it is nor essential that the missile 
vibrator be energized before power is drawn from it, ener- 
gizing it is not detrimental. In fact, by energizing it at 
this: time, any stickiness in the contacts will be removed 
by the time it is desired to draw power from the vibrator 
and, thus, voltage will be available immediately. 
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To summarize, then, the preparatory ‘operations ac- 
complished by the missile auxiliaries are: 

1. Warm missile electronic package and battery. 

2. Accelerate missile rate gyros. 

3. Warm missile crystal. 

4. Energize missile vibrators. 


The Attack Preparations 


The operations accomplished on the missiles and 
radar by the missile auxiliaries during the attack are 
described in some detail in other sections of this chapter. 
For convenience, these operations will be listed again, but 
assuming the reader now has a degree of familiarity with 
them, each of the operations will be listed in an abbreviaced 
manner. None of these operations can begin until two 
minutes after nose-wheel retraction. This is the period dur- 
ing which boost voltage is applied to the missile rate 
gyros to bring them quickly up to proper operating speed. 
The operations are as follows: 

l. Missile filament boost voltage on. 

2. Missile filament boost voltage off (after ten sec- 
onds), normal voltage on. 

Missile electronic package and battery heaters off. 
Missile auxiliary subsystem plate voltage on. 

Tune radar transmitter. 

Coarse tune missile local oscillator. 

Active missile battery. 

Servo missile local oscillator runing motor (fine 
tuning). 

9. Change radar PRF to value required for specific 

missiles loaded. 

10. Transfer missiles го internal missile power. 

11. Servo (align) missile cracking gates to coincidence 
with radar range gate. | 

12. Servo seeker heads of selected missiles into align- 
ment with radar antenna. 

13. Compute missile navigation parameters (г, p, r). 

14. Shift radar operations to elliptical polarization. 

15. Damp missile local oscillator tuning mocor. 

16. Open missile bay doors. 

17. Extend missile launchers. 

18. Blow missile pararneter fuses. 

19. Permit arming of missile warhead. 

20. Release missile waveguide shutter. 

One additional operation is performed on the missile 
— activating the missile hydraulic power, but this operation 
is not accomplished by the missile auxiliaries. The opera- 
tion is performed by the aircraft armament control system 
at an instant just before the missile's rocket motor is 


ignited. 
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Establishing tbe Sequence of Attack Preparations 


Now it is evident that some of these operations must 
be performed immediately before launching the missiles, 
while others must be performed well in advance of launch- 
ing. Further, the accomplishment of some operations is 


dependent upon the previous accomplishment of some other 
operations. It turns our that the operations can be ac- 
complished in groups, of which there are a minimum of 
three, the last group occurring just before firing. The 
reasons for placing certain operations in a certain group 
will now be examined briefly. 

Because of aerodynamic effects the doors and launchers 
must not be extended until just before firing. Thus, these 
operations must be placed in rhe last group of operations 
to be accomplished. Similarly, because elliptical polariza- 
tion degrades radar tracking performance and is not needed 
until the GAR-1 missiles are launched, this operation can 
be accomplished in the last group. In case che attack is 
broken off, another attack should not be begun with the 
missile parameters ser for the conditions of a previous 
attack. Therefore, the navigation parameters must be ser 
ас the last possible moment before firing. For safety, the 
missile should пос be given the capability to be armed 
until just before launching; therefore, this operation is 
performed with those in the last group. 

The:operations of servoing the missile range gates, 
local oscillator, and seeker head require an amounr of 
time in excess of that allowed for the operations in the 
last group and therefore, musc be started at some time 
prior to initiation. of the last group. Before the actual 
servoing operations begin. plate voltage must be applied 
to the missile circuits and the missile vacuum tube fla- 
ments must be on and operating stably. Plate volcage is 
obtained by connecting the missile batteries ro the missile 
vibrator and by coupling the vibrator output to the re- 
mainder of the missile power supply. This is done in the 
transfer to internal power operation. Prior to the time 
internal missile bactery power is supplied to the vibrator, 
external voltage is coupled to the missile vibrator from the 
missile auxiliaries. However, this voltage serves only to 
energize the vibrator — no power being drawn from it. 
Once che filaments have reached proper operating condi- 
tion, the servoing operarion will begin wich application of 
plate voltage to the missile circuits. Thus, the transfer co 
internal power operation can begin at the same time as 
the servoing operations. 

Filament voltage cannot be applied to the missile cir- 
cuits at the same time as plate voltage because of the 
possibility of damaging rhe tubes. For reasons involving 
missile heat dissipation {mentioned in che introduction to 
this chapter), and in order to shorten missile preparation 
time by hastening filament warmup, boost voltage is ap- 
plied co the filaments for ten seconds to bring them up 
to proper operating conditions. In addiction, the missile bat- 
reries require about seven seconds to become fully activated, 
and іс would пог be practical to activate chem unless an 
attack were actually underway. Battery activation, then, is 
an attack operation and, as with the filament boost, must 
begin prior to the transfer to internal power and servoing 
operations. Thus, battery activation and filament boost have 
been placed in a third group of attack operations. Included 
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in this third group of operations are the radar transmitter 
tuning (which must begin: as early in the attack as pos- 
sible because. under the worst possible condition a maximum 
of fourteen seconds could be required for the operation), 
and the missile local oscillator pre-positioning operation 


(which must be completed before fine tuning can start 


and which involves no missile vacuum tube circuits, in- 
cluding the local oscillator, and so can be started before 
the power transfer operation). Because radar tuning and 
missile Jocal oscillator pre-positioning are accomplished 
by the missile auxiliaries, this subsystem must be operating 
before these operations can be started. However, it would 
not be economical to have this subsystem operating con- 
tinuously when it is needed only during the few seconds 
of a missile attack. It is nor feasible co curn the filaments 
on as part of the attack operations, bur ir is feasible to 
apply plate voltage to this subsystem as part of the attack 
operation. Plate voltage, then, is applied го the missile 
auxiliaries as part of this third group of attack operations. 
The three groups of attack operations accomplished 
by the missile auxiliaries will be referred to as Group A, 
Group В, and Group D*. In the above list of operations, 
items 1 through 7 are included in Group A, items 8 
through 12 in Group B, and items 13 through 17 in 
Group D. (As operations 18, 19, and 20 are irreversible 
it is desirable to initiate them as late as possible; hence, 
they are begun with the E signal.) Each of these groups 
of operations is initiated. respectively, by release of the com- 
purer A, B, and D timing signals from the armament con- 
trol relay assembly to the proper unit of the missile aux- 
iliaries. The signals originate іп the Universal Computer 
and are coupled from this unic to the armament control 
relay assembly. When one group of operations has been 
completed, the next group will be initiated by a timing 
signal when the signal is released to the missile auxiliaries 
from the armament control relay assembly. It should be 
noted that a timing signal may be released from the com- 
purer substantially earlier than the time that signal is 
released from the armament control relay assembly. 


Establishing tbe Minimum Time Missile 
Preparation Progrant 


It now remains to be determined at what times prior 
to the E signal these operations. should. be initiated. Con- 
cerning the last group of operations, 1.2 seconds (approxi- 
marely) are required for the missile bay doors to be opened 
and 1.2 seconds (approximately) are required for the 


"No group C is listed in this description because of the desir- 
ability of retaining a. basis of comparison berween the sequence of 
operations performed in preparing missiles for firing in the Hughes 
E-9 hfe control system and the MG-10 system. The chief prepara- 
tory operations listed. for groups A, B, and D above are also made 
during groups A, B. and D for the E-9 system. The applicable 
operations performed during group C in the E-9 system have been 
incorporated as part of the, operations performed during group B 
in the MG-10 system. There is nor necessarily апу similarity be- 
tween the two systems in the computed time of occurrence of 
groups A, B, and D prior to the firing (E) signal. 
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launchers to be extended. These operations must be per- 
formed successively. Approximately 0.64 second is required 
for the parameter computation and the remaining opera- 
tions are accomplished nearly instantaneously. Thus, the 
initiation of the last group of operations is dependent upon 
door opening and launcher extension time. These opera- 
tions then should begin, at che latest, about 2.4 seconds 
before the E signal. 

Concerning the operations in Group B, the servoing 
operations require the greatest length of time and so con- 
trol the time in advance of the E signal at which the 
operations should be initiated. It has been found that by 
starting these operations at a minimum time of 6.5 seconds 
in advance of delivery of the E signal to the intervalometer 
all errors should be zeroed out before the missiles are 
launched. 

Because the Group B operations can begin only after 
the filament boost has been completed and this operation 
requires геп seconds, the Group А operations cannot begin 
ata time less than 16.5 seconds before delivery of the E 
signal t6 the intervalometer. Thus, the attack operations 
require a minimurn period of 16.5 seconds. 


Time Compression — For a number of reasons it would 
be impractical to require that the armament control relay 
assembly release thë A timing signal, thereby initiating the 
first of the prelaunch operations, аг 16.5 seconds prior to 
the time ir releases the E signal If both the target and 
the interceptor velocity vectors remain unchanged through- 
out an attack, and if the interceptor is on course, computed 
time from the Universal Computer will be identical to real 
time. If the attack were being conducted in this manner, 
each of the timing signals would be delivered го the missile 
auxiliaries at the proper time for all of the operations to 
be completed prior to the occurrence of the E signal. With 
all of the operations completed, the E (firing) signal would 
be delivered to the intervalometer, so that launching could 
begin. When actual launching occurs in the proper time 
relationship to the E signal as delivered from the computer, 
one of the requirements for a hit has been realized. 

The non-maneuvering case is shown in Figure 14(a). 
Here the action switch is depressed at an early time to 
begin the lock-on procedure. Next, lockon occurs, and 
shortly after this the interceptor gets on course. From this 
moment, the compurer time scale represented by the hori- 
zontal line is identical со real time. The computer, then, 
begins to "clock" down until ac 16.5 seconds before the 
computer firing time the A signal appears at the output 
of the computer. The other signals occur at the intervals 
shown. Because the computer is computing real time, the 
initiation of the operations and the occurrence of the 


respective timing signals are coincident. 


Now, if this timing.sequence were used and if the 
target were to turn cowards the interceptor after the А 
signal was delivered, the remaining time signals would 
occur in real time as shown in Figure 14(Ъ). This condi- 
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Fig. 1 (al, (bl. Minimum time program for missile prelaunch preparation. The timing sequence demonstrates the impracti- 
cability of using a short preparation time in attacks against a maneuvering target. 


tion. is called time compression. If the rarget turned away 
from the interceptor, time expansion* would occur. If the 
target turns into the interceptor, the computed point of 
impact, which is ahead of che target, also moves in to- 
wards the interceptor. Because the distance to impact de- 
creases, che firing point must also move in towards the 
interceptor. Ás a result, the time until firing decreases and 
the time scale compresses. 

Figure 14(b) illustrates what might occur if the target 
were то turn towards the interceptor in a continuing 
maneuver after che À signal. The time between occurrence 
of timing signals would decrease by a proportionately 
smaller amount as the computed firing time is approached. 
Figure 14(b) also illustrates the result of this time com- 
pression. The A signal starts the Group A operations. These 
operations last ten seconds, during which time the B signal 
occurs. The B signal will not be released so that it can 
initiate the Group B operations until Group A is complete. 


«Е а maneuver occurs during any interval (А to B, B to D, 


D to E) the time remaining in that interval and ín each of the 
following intervals will be decreased or increased, depending upon 
whether the maneuver causes time compression or time expansion, 
respectively, A maneuver is considered as occurring if there is any 
change in. either the interceptor or target velocity vectors. It should 
be noted that rime compression is different from the decreased тота! 
preparation rime, which would result from late lockon. If, for ex- 
ample, lockon occurted after the time the А signal should have 
been delivered from the computer during a nonmaneuvering attack 
but before the time the B signal would normally be delivered, the 
B and D signals would occur at the normal advance times, but the 
ume between А and B signals and, hence, the А and E signals, 
would be reduced. Thus, the À signal would be delivered from the 
computer immediately after lockon, and the B signal would be 
delivered at some time less than (һе normal interval. 


After the ten-second period, then, the Group B operations 
begin. During this time the D and E signals occur. The 
D operations cannot start until the B operations are com- 
plete and the firing operations initiated by the E signal 
cannot begin until che D operations are complete. Thus, 
the actual firing would have to be delayed several seconds 
after the time at which іс should have occurred. The 
missile guidance system can absorb a 1-second firing delay 
without degrading the probability of hit excessively (this 
much delay is actually permitted ). However, several seconds 
of delay cannot be absorbed and the attack described by 
Figure 14(b) would have had to have been aborted at an 
early time in order to conserve the armament. Thus, a 
timing sequence such as that shown by Figure 1á(a) could 
not cope with a maneuvering target. 

The actual timing sequence is shown in Figure 15 as 
ic would be for the case of a nonmaneuvering target, the 
A signal occurring at forty seconds, the B signal at fifteen 
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Fig. 1 5. Actual occurrence of computer timing signals for 
nonmaneuvering case. 
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seconds, and the D signal at 2.6 seconds in advance of the 
E signal. As in the previous hypothetical case, each group 
of attack operations will be initiated. at the same time as 
the time of occurrence of the timing signals. 

Some of the reasons for using this timing sequence 
rather than some other such as that just described will now 
be discussed. Essentially, the selection is a compromise 
based on the conflicting requirements of having as much 
time between groups of operations as possible so that the 
system can tolerate time compression and having as little 
time as possible berween groups of operations so that the 
system can tolerate a greater amount of late lockon, and 
so that the missile can be normally prepared in a minimum 
amount of time. 


Initiation of Attack Operations During Radar Tracking 


Because of the possibility of time compression occur- 
ring, it is desirable to initiate the Group A operations as 
far in advance of the E signal as possible. However, if 
application of filament voltage is begun too early and al- 
lowed to continue, the missile temperature could rise exces- 
sively due to heat generated by the missile filaments. If 
they are begun with the A signal and if the A signal occurs 
40 seconds in advance of the E signal (in the case of a 
nonmaneuvering target), a relatively large amount of 
compression can be tolerated before the attack would have 
to be aborted. However, in the event of late lockon, there 
might not be time for all the attack operations to be 
completed without excessively delaying delivery of the E 
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signal to the intervalometer. For this reason, the Group А 
operations are first initiated by depression of the action 
switch, which occurs before iockon. In addition to the 
Group А operations, the action switch also starts a timer. 
The timer counts off ten seconds, at the end of which time 
the filament boost voltage is removed and normal voltage 
is applied. As shown in Figure 16(а), for a nonmaneuver- 
ing target the timer counts off an additional fourteen 
seconds, during which time application of normal filament 
volrage continues. This period is called a hold period. Dur- 
ing this time the radar transmitter tuning and missile local 
oscillator pre-positioning circuits are active, although ordi- 
narily the operations will have been accomplished. As shown 
in this illustration, if the A signal occurs during either 
the filament boost or the hold period, the Group B opera- 
tions will begin when the B signal is received. As shown 
in Figure 16(b), if the A signal is пог received during 
the 24-second interval the Group A operations will be 
discontinued. These operations will be re-cycled when the 
‘A signal is. received. By accomplishing the Group A opera- 
tions in this manner, the missile filament will ordinarily 
not be on continuously for a period longer than 64 seconds 
(24 seconds after action switch depression + 40 seconds 
after the А signal). The Group A operations cannot begin 
unless two minutes have elapsed from nose-wheel retrac- 
tion. This period is required for the missile seeker head 
gyros to come up to speed. If the action switch is depressed 
during this period che Group A operations will be delayed 
until the period is completed. 
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Fig. 16 Actual initiation of pre-launch operations due to action switch signal and computer timing signals for the 
nonmanuevering case. 
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Fig. 17. Intervalometer timing sequence used to initiate 
firing operations. 


In either case, the Group B operations will be initiated 
when the B signal is released. If the target is nonmaneuver- 
ing, these operations will begin at fifteen seconds prior 
to the E signal. The selection of this time for initiation of 
the Group B operations is not critical. ir could have been 
established as occurring at a time slightly greater or slightly 
less than fifteen seconds. The chief consideration involved 
is the effect of time compression. The normal period be- 
rween B and E signals cannot be roo small or, as shown 
in Figure 14(b) a small target maneuver could result in 
an aborred attack. The B signal will initiate the Group B 
operations and start the timer. The timer is used to estab- 
lish whether an abort condition exists, and, therefore, in 
the nonmaneuvering case, its use has no significance. 

The D signal occurs at an advance time of 2.6 seconds. 
One of the conditions for this signal initiating the Group 
D operations is that the p-limit switch* must be closed. If 
the g-limit swirch is not closed at the time of occurrence 
of the D signal, the present attack will be aborted unless 
the D signal can be made to occur again. No provision has 
been made to abort if the g-limit switch opens after the 
D signal. If the g-limit switch is closed, che D signal will 
initiate missile bay door opening, parameter relay setting 
(which requires a maximum of abour 0.64 seconds), trans- 
fer co elliptical polarization, missile local oscillator tuning 
motor damping; and will start the timer. The timer clocks 
1.5 seconds and is used to esrablish whether an abort con- 
dition exists. Occurrence of che D signal was set at 2.6 
seconds as a compromise between setting it at a small 
advance time so that the Group D operations could be 
accomplished as close то the firing as possible, and at a 
greater advance time, so that a greater amount of time 
compression could be tolerated. 

The Group E operations begin when the firing signal 
is delivered from the armament control relay assembly to 
the intervalometer, which is the source of the various tim- 
ing signals used to initiate the firing operations. Release 
of the E signal to the intervalometer requires completion 
of the 1.5-second period from the initiation of the Group 
D operations and completion of the door opening and 
launcher extension operations. Each of the Group E opera- 
tions is initiated by a signal E through E.. The various 


"The g-limit switch is aceuated by che accelerometer, and is 
closed between —1"g" and + "g". This interlock is required то 
prevent damage to the missile extending mechanism, which might 


... 


occur if chey were actuated during a high "g" maneuver. 


times at which the Group E operations are initiated are 
shown in Figure 17. The operations initiated by the inter- 
valomerer timing signals are listed as follows: 

Е --Е (firing) signal stares intervalometer, causes 
warhead weight release squib" activation, mis- 
sile navigation parameter fuse blowing, and 
waveguide shutter’ release. 


E-E, — Missile seeker head correction time. 

Е --Ірпігег signal delivered to two side missiles іп 
one bay. 

E, —lIgniter signal delivered to center missile in 
same bay. 

Е-Е. — Time allowed for missiles to clear launchers. 

E,  —Retract aft launchers and extend forward 


launchers (if a salvo of six missiles is fired, 
the afc missiles are fired first). 


E,-E, — Launcher extend time. 

E,-E, — Missile seeker head correction cime. 

E,  —lIgniter signal delivered to two side missiles in 
second bay. 

E, — [Igniter signal delivered го center missile in 
second bay. 

Е-Е. — Time allowed for missiles to clear launchers. 

E. | — Launcher recraction started. 

E,-E, — Time required for launcher retraction. 

E. — Door closing started (completed іп approxi- 


mately 1.2 seconds). 

If only three missiles are to be fired, the timing se- 
quence will omit all operations after E,. Total time re- 
quired from delivery of the E signal to the intervalometer 
to door closing for launching of the missiles in one bay is 
approximately three seconds, an additional 1.8 seconds is 
required for launching a full salvo of six missiles. Ic should 
be pointed out that this timing sequence is not necessarily 
firm. Other sequences have been devised and may be used 
іп the production MG-10 system. Basically, however, the 
firing sequence described is representative and any other 
will differ only in detail. 


Aborting tbe Preparation Program 


As mentioned previously, the missile guidance system 
can absorb a one-second delay berween the time the mis- 
siles should be launched and the time actual launching 
occurs, without excessive degradation of the probability of 
hit. If during the time the missiles are being prepared for 


“Activation of this squib releases the warhead weight (arming 
mechanism). If an acceleration ‘equivalent to the rocket motor 
chrust acts on the warhead weight, the warhead weight will cause 
the warhead to be armed. 

7The waveguide shutter is a wire attenuator located in the 
missile waveguide berween che missile antenna and mixer. It pre- 
vents high power transmissions from damaging che crystals in the 
mixer. When it is blown, it offers no attenuation to energy being 
coupled from the antenna to the mixer. 

“Ву abort it is meant that the missile preparation is stopped. 
In order for it to recycle beginning with the Group A operations, 
the armament selector switch on che armament control panel must 
be reset. The pilor is notified of an abort condition by appearance 
of the pull-out warning signal оп the radar indicator. Radar lockon 
is пос broken, however. 
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launching, it appears that the preparation program will 
not be completed until a time greater than one second after 
delivery of the E signal from the computer, then the missile 
preparation should be stopped in order to conserve the 
missiles. Provisions have been made in the MG-10 system 
for automatically aborting the preparation program if it 
appears that a greater than one-second delay in firing will 
be incurred. The preparation program can also be aborted 
manually by the pilot if he changes the armament selection, 
depresses the Return to Search switch, or if he places the 
armament master switch in the Safe position. 
The preparation program will be automatically aborted 
if any of the following occur: 
1. Loss of lockon after the B and before the E signal. 
2. Delivery of two timing signals from the computer 
during the timing period initiated by a previous 
timing signal. 
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3. Delivery of the E signal from the computer before 
initiation of the Group D operations. 

ir can be readily seen that if any of these conditions 
occur, firing will almost certainly be delayed by a greater 
than one-second period. For example, if lockon is lost, a 
few seconds will ordinarily transpire before it can be re- 
gained. If lockon were lost after delivery of the B signal, 
less than fifteen seconds would ordinarily remain ипи! 
delivery of the E signal. However, if time expansion oc- 
curred after lockon was lost, the time until delivery of the 
E signal would increase. If there is a possibility of this time 
interval increasing to the extent that it would be equal 
to the time required for lockon to be regained, plus the 
16.4. seconds required for completion of the preparation 
program, then the preparation program should пог be 
aborted. The maneuver required to produce this much time 
expansion if lockon is lost after the B signal is most un- 
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Fig. 18. Several interesting cases which develop as о result of the application of the rules governing the use of the 
trigger to generate GAR-1B missile preparation signals. 
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likely to occur. Thus, if lockon is lost after the B signal, 
a greater than one-second delay in firing will almost cer- 
tainly occur. This being the case, it is better to abort the 
attack immediately rather than permit it to continue. Оп 
the other hand, if lockon were lost shortly after the A 
signal was delivered, there would ordinarily be sufficient 
time for lockon to be regained, and for the preparation 
program to be completed without a greater than one-second 
delay in firing occurring. In this case, then, the missile 
preparation program would be discontinued rather than 
aborted. When lockon is regained, the preparation program 
will be recycled with delivery of the A signal without the 
need for resetting the armament selector switch. 

Similarly, ic can be shown that the remaining two 
abort conditions will result in a greater than one-second 
delay in firing. 


Initiation of Attack Operations During 
Optical Sight Tracking 


As discussed in the armament selector panel portion 
of the cockpit subsystem chapter, only САК-1В missiles 
can be fired when target tracking is accomplished by means 
of the optical sight in the pure pursuit mode. Only a 
portion of the attack operations listed previously for GAR-1 
missiles are required for GAR-1B missiles. These opera- 
tions are: 

ци: А Operations 

Missile filament boost voltage on. 

А Missile filament boost off (after 10 seconds), 
normal voltage on. 

3. Missile electronic package and battery heaters 
off. 

4. Missile auxiliary subsystem place voltage on. 

5. Activate missile battery. 

Group B Operations 

l. Transfer missiles to internal missile power. 

2. Servo seeker heads of selected missiles to point 
along radar boresight line. 

Group D Operations 

1. Compute missile navigation parameters (r, p). 
2. Open missile bay doors. 
5. Extend missile launchers. 
Group E Operations 
Same as for GAR-1 missiles. 

During pure pursuit attacks, the optical sight reticle 
will be caged to point along the radar boresight line and 
the computer timing signals will not be available for use 
in programing the GAR-1B missile preparation. For this 
purpose, these signals are simulated by use of the trigger 
switch on the flight stick. In general, the first position of 
the trigger is used to initiate the operations which begin 


when the A, B, and D signals are delivered to the missile 
auxiliaries from the armament control relay assembly and 
the second position of the trigger is used to simulate the 
E signal and so begin the firing operations. However, as 


illustráted here by Figure 18(a), if the trigger is de- 


pressed to the second position initially all four groups ‹ 
operations will begin in succession. Аз shown in Fig 
18(b) if the trigger is depressed to che first position ir 
itially and held in the position indefinitely, all of the aboy 
preparatory ‘operations, except Group E, will be accon 
plished in succession. The launchers will remain extende 
until such time as the trigger is released. If, instead ‹ 
releasing the trigger, the pilot depresses it to the seco 
position [seë Figure 18(b)], the Group Е (firing) oper: 
tions will bé initiated. 

Fourteén-second hold periods clocked by the tim 
are provided after the timing period following the initi 
tion of each; group of operations in order co prolong c 
missile preparation program if the pilot wishes to dels 
firing, but tó still keep the missiles іп a desired near-reac 
condition. А hold period will be entered after а timin 
period is completed if the pilot releases the trigger дигїг 
the timing period. [See Figure 18(c).] А hold регіс 
can be stopped and the next timing period entered | 
depressing the trigger. By releasing and depressing tl 
trigger alternately while che timer is operating, then, tl 
pilot can hóld the missiles in any one of the three pr 
launch readiness conditions. Or, as shown on Figure 18(d 
the missile preparation program can be stopped by pe 
mitting the hold period to run out without depressing tl 
trigger. When the switch is depressed again, the prepar 
tion program will be re-initiated beginning with Group 
operations. During the hold period, the missiles will | 
held in the readiness condition which existed at the ег 
of the preceding timing period. 

The ofie exception to this is the hold period aft 
the D timing period. When the hold period is entered, d 
missile bay doors, which were opened during the D timir 
period, will be closed rather than kept open and the sta 
of preparedness will revert back to that existing before d 
initiation of the Group D operations. By depressing tl 
trigger to the first position for ас least 14 seconds (th 
is, until the Group D operations are initiated) and the 
releasing it||the pilot can completely prepare the missil 
for launchirig, accomplish door opening, and partly exter 
the launchers. If he delays depressing the trigger to d 
first position for a moment, the launchers will retract аи 
the doors will close. Then, if he alternately depresses ar 
releases the' trigger in quick succession, he can keep Ч 
missiles in а final state of readiness. When he depresses tl 
trigger to the second position the doors will be ful 
opened, the launchers will be extended and then the Gro 
E operations will begin. 

In the pure pursuit mode no means of automatical 
aborting missile preparation is provided. However, t 
preparation ican be manually aborted if the armament sele 
tion is changed or if the armament master switch is 1 
turned to the Safe position. 

On the: fold-out page, Figures 19 and 20 and Table 
have been included to summarize che missile preparati: 


program. 


TITLE 


L PREPARATORY OPERATIONS! 


A. Operations initiated by heating (Ra- 
dar "Warm") périod.’ 


B. Operations initiated by nose wheel re- 
traction.” 


II. ATTACK OPERATIONS 


Group А 


Group B 


Group D 


Group E 


| 
TABLE |. OPERATIONS REQUIRED TO PREPARE FALCON MISSILES | FOR LAUNCHING 


0 


1 
OPERATIONS 


1: 


гә 


یں > 


fl 
Missile electronic package and battery heaters on. 


External power to missile rate gyros. | 


External power to missile seeker head gyros (42 volts for 2 minutes, then reduce to 
30 volts}. 


Missile crystal heater on. 


Missile vibrators energized (to prevent жайа, no power drawn). 
L 


Voltage applied to plates of vacuum tubes in missile auxiliary subsystem. 
Missile electronic package and’ battery heaters off. 

Missile high filament voltage on (applied for 10 seconds). 

Missile high filament voltage off (at end of 10 seconds) and normal voltage on. 
Radar tuned to pre-selected frequency (fine tuning cuts in automatically ) “. 
Missile local oscillator pre-positioned’. 

Missile battery squib fired to activate missile battery (irreversible action). 


All selected missiles transferred to intefnal power — external power disconnected from 
missile rate gyros, seeker head gyros, |filaments, and vibrator; and inrernal voltage 
applied. 


Radar prf shifted from 910 pulses pet second, jittered, to one of five missile prf's 
(2000 pulses per second, nominal) *. | 


Missile range gate servoing operation begun’. 
Fine cuning of missile local oscillator begun’. 
Missile seeker head uncaged and айык е begun. 


Missile navigation. parameters computed (computation requires a maximum of 0.64 
seconds). | 

Radar transferred to elliptical polarization, 

Missile bay doors opened (requires approximately 1.2 seconds) and launchers іп one 
bay extended (begins when doors are fully open, requires approximately 1.2 seconds). 
Damping voltage applied to missile local oscillator tuning motor“. 


The following operations, although initiated by the E signal, are not controlled (with the 
exception of the operations listed beside E) by the missile auxiliaries: 


Intervalometer started, warhead weight release squib activated (irreversible), wave- 
guide shutter released (irreversible )*, navigation parameter fuses of first three missiles 
blown (if six missiles have been selectéd the fuses of the second three will be blown 
one second later). | 


Missile seeker head correction time. 

Igniter signal delivered to two side missiles іп first bay. 
Ignicer signal delivered to center missile іп first bay. ` 
Time allowed for missiles to clear launchers. 


i 
Retract first launchers and extend second launchers. 


Launcher extend time. и 

Missile seeker head correction time. 

Igniter signal delivered (о two side missiles i in second bay. 
Igniter signal delivered to center missilé in second bay. 
Time allowed for missiles to clear launchers. 

Launcher retraction started. i 

Time required for launcher retraction. à 

Door closing started. 


"The necessary power to accomplish these operations is supplied by che power supply subsystem (о the missile auxiliary subsystem power 


switching circuitry. This circuitry processes the a-c power п 
signals this power is properly switched to the correct loads. 


ucing it to the proper amplitude. Аг the radar Warm and nose wheel retraction 


*A maximum of seven minutes is required for the full fire contro! system capability after the systeni has been "soaked" at —65 degrees Fahr- 
enheit. Full fire control system capability is not necessary when GAR-1B missiles are launched fram a pure pursuit course. 


* 


"At least two minutes must elapse between nose wheel retraction. and initiation of the Group A 2 pe 
| 


‘Not applicable to GAR-1B missiles, 


| 
| 
! 
“---Ноһа Period- 3 ' 
: Filament Normal Fitst 3 Missiles Missiles 
14 seconds t Fired ( Fired 
A бошон Г Launchers не 116 
са | و و‎ E 
ni 3 Е Е, Б; Ea Е, Е, Es E: E; Doors 
i Group B | | Closed 
i: Operations 
Filament Boost لے‎ Initiated 


' 24 4.8 seconds (арр.)“““---------- 
а“ 2. . j 
-4— Initiated by action switch, or А seconds Initiated by E signal if launchers are extended and if 1.5 seconds 


signal if two minutes** have 
elapsed from nose-wheel retrac- 
tion. 


have elapsed between initiation. of the D operations and the 
E signal. 


1 1 
| | 
--- Initiated.by: D signal if 4 seconds have elapsed from initiation of 
I Group В орегацопз, and if g-limit switch is closed. 
| 
Initiated by В s!gnal if 10 seconds haye elapsed from ! 
initiation of Group А operations.. | 
*'This period is clocked: by the timer, ! 


А ë Е - ےت‎ ГӘ dots ory " NE LEES جو‎ M . š li EN OE. р "E 4. } 
° *]f the action switch is depressed before this. interval is completed, the Group A operation will nót be initiated until interval is complete. 


* * * Most of these intervals are clocked by the intervalometer. | 
| 


| 
| 


| 
Figure 19 — Sequence of missile preparatory operations: controlled (except for firing PPS by missile auxiliaries 


for attacks using radar tracking. 


_ Hold Period ** 
} Filament Normal 


Same conditions existas 


TOR р \ 
Group A Operations 1 ! ма теш y hold period. (i.e. Group D 
Initiated Н I 4 seconds* = operations discontinued ) 
1 —Group:B t 
: Operation - 
Filament Boost Initiated 


10 seconds* 


акей by second position of trigger if launcher 
extension 15 completed, 

Initiated by:first or | 

second position of 

trigger, if 10'seconds 

have elapsed from. 

initiation of 

Group A operations. | 


Initiated by first or 
second position of 
trigger if two minutes 
have elapsed from 
nose-wheel recraction 


Tnitiated. by fitse:or second position of trigger if 4 seconds have elapsed from 
initiacion’of Group B operations any if g-limit switch is closed. 


*This period is clocked by che timer. 


** A hold period is entered if trigger is released from: first position:during:the ‘previous timing period! 


| 
! 
Figure 20 — Sequence of GAR-1B preparatory operations initiated by trigger signals and controlled (except for firing 
operations) by missile auxiliaries during attacks using optical sight tracking in pure pursuit mode. 
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С. COCKPIT SUBSYSTEM 


All controls necessary for operation of the MG-10 
system are contained in this subsystem. In addition, certain 
information derived from the radar and computing sub- 
system, the fighter identification system (if added), and 
the data-link subsystem is presented on the radar indicator. 


Data-link information concerning target altitude is pre- 
sented on the target altitude meter. Radar antenna position 
information is coupled to the servoed optical sighthead to 
affect the reticle position. The locations of the various 
components of the cockpit subsystem are shown in Figure 1. 


یو ای کا کا rrp‏ ہمیخ 2 
Е ¥‏ 
a‏ 


Fig. 1. Location of the МС-10 cockpit subsystem components in the cockpit of the F-102A. 
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Fig. 2. Radar set contro! panel. 


Radar Set Contro! Panel 


This panel is shown in Figure 2. It consists of the 
master power switch and the radar range and mode selector. 
The functions of the master power switch are: 

OFF All power off. 

WARM Power applied to a minimum 
of equipment to keep the 
weapons system in a ready 
condition for prolonged pe- 
riods. This is the recom- 
mended mode for interceptors 
on two-minute alert status. 

ON Full power applied to system. 

STANDBY Essentially the same as ON, 
except that radar is not trans- 
mitting, and the radar an- 
tenna is deflected down to 
clear the automatic instru- 
ment landing approach sys- 
tem (AILAS) glide slope an- 
tenna, 

The functions of the radar range and mode selector are: 

6-MILE or 30-MILE Place the 6-mile or 30-mile 

range sweeps, respectively, on 
the radar indicator, and cause 
the 6-mile ог 30-mile edge 
lights, respectively, above the 
scope face to become illumi- 
nated. Used for search and 
attack. 
Place the 200-mile sweep on 
the radar indicator. Used for 
radar ground mapping navi- 
gation mode and radar beacon 
navigation modê. Not possible 
to make an automatic radar 
attack in either mode. 


200-MILE MAP or 
200-MI. BCN. 


Antenna Scanning Control Panel 


As shown in Figure 3, this panel contains two con- 
trols, the antenna scan elevation control and the antenna 
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scan ‘azimuth control. 
' With the antenna scan elevation control in the UP 
position the center of the antenna elevation scan can be 
varied up to a maximum of 35° above the antenna hari- 
zontal reference plane. In the DOWN position it can be 
varied up to a maximum of 15° below the reference plane. 
The antenna scan azimuth control provides selection 
of four azimuth scan. patterns with respect to the antenna 
vertical reference plane, as follows: 


"L" (left) 70°. left to 10° right 
"C" (center) 40° left то 40° right 
"PB" (broad) 70? left to 70? right 
"R" (right) 10? left to 70? right 


Radar Indicator 


This unit consists essentially of a 5-inch two-gun 
cathode ray tube, a plastic impregnated fiberglass dust 
cover, and a polaroid light filter. The face of the radar 
indicator is shown in Figure 4. 

Edge-lighted lettering (OPENING, CLOSING, 3, 6, 
and 9) on the opaque rim and radial lines on the trans- 
parent center of a plastic overlay which covers the scope 
face form the permanent portions of the radar display. 
Edge lights on top of the indicator face indicate, by being 
on or off, whether the maximum range of the sweep trace 
is 6 or 30 miles. Six scope adjustments ate located around 
the periphery of che indicator. The two grooved knobs on 
the left and right lower half of the indicator are pilot 
adjustments which are rotared to control the intensity of 
the beam from the attack gun and search gun, respectively. 
A portion of each of these knobs extends through slots 
in the dust cover for manipulation by the pilot. The screw- 
driver adjustments on the top portion of the indicator face 


are for ground crew use in adjusting the focus of each 


gun, and for ап astigmatism correction and total tube 
current adjustment. The polaroid filter (пос shown) covers 
the entire indicator face. The adjustment arm extends 
through a slot in the dust cover for manipulation by the 
pilot. When fully rotated for night operations the filter 
permits only the red portion of the scope illumination to 


Fig. 3. Antenna scanning control panel. 
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Но. 4. Face of radar indicator. 


pass, thereby preserving the pilot's adaptation to the dark. 

The search gun is used for writing che conventional 
B-scan search display, and the attack gun is used to write 
the artificial horizon indication and for writing either the 
data-link display or the attack display. The artificial horizon 
indication and the various other indications peculiar to 
either the attack or data-link displays are time-shared. 

The indications that are displayed during the various 
phases of operation are as follows. 


Interception or Search Phase 


During the interception or search phase, which is the 
condition in which the radar is operating in either the 
6-mile' or 30-mile range and the action switch оп the left- 
hand grip of the flight stick is nor depressed, the following 
indications (see Figure 5) are displayed if the dara link 
is not in operation: 

(a) Artificial horizon. 
(b) B-scan search trace showing target video (if present). 

If the data link is in operation, and either the 6-mile 
or 30-mile range sweep or the 200-mile range sweep is 
being used, the following indications will also be displayed: 
(a) Azimuth steering error dot —- This indication occurs 
only along the horizontal diameter of the screen. 

(b) Time circle — This element, which is centered on the 
display, appears when indicated time to the offset point is 
127 seconds. At this time the circle is at its maximum 
diameter of 3 inches. The diameter of the circle decreases 


linearly with time:to-go to offset point. When the offset 


point is reached tha trace is removed from the screen. 
(c) Target marker circle — This is a 1-іпсһ ring whose 


displacement from the center of the display represents 
the range and azimuth of the target relative to the inter- 
ceptor. For azimuth values in excess of + 70°, or for ranges 
in excess of the selected range scale (this circle does not 
appear оп the 6-mile range), the circle is maximally de- 
flected co indicate saturation with respect to the raster area. 
If che validity of the data-link information is uncertain, 
and if the Stage 1 conditions are present, this element 
will be removed from the display and will пог reappear 
until valid information is available. If this condition occurs 
after Stage 2 has been entered, che target marker circle will 
be transformed into a pair of vertical lines spaced one inch 
apart. The mid-position bracketed by the lines corresponds 
co the last remembered target bearing in azimuth. The lack 
of range bracketing indicates invalidity of range information. 


Lockon Phase 


During the lockon phase (see. Figure б), in which 
the radar is operating in the 6-mile or 30-mile search 
range and the action switch is depressed, thereby placing 
the system in manual search, the following indications will 
be displayed: 

(a) Artificial horizon 
(b) Range sweep line showing video signals 
(c) Range gate cursor 

These indications will also be present if the lock-on 

operation is conducted when the armament selector switch 


1Stage 1 is entered when data-link information is first received, 
and ends when Stage 2 is entered. Stage 2 begins after the turn 
through the offset point and when the azimuth steering error is 
reduced ro some predetermined value, and ends with target acqui- 
sition. 


DATA-LINK 
TARGET 
MARKER 
CIRCLE 


DATA-LINK 
STEERING 
DOT 


DATA-LINK 
TIME - 70-60 
CIRCLE 


ARTIFICIAL 
HORIZON 


Fig. 5. Search and data-link presentation on 
radar indicator. 
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‘on the armament control panel is in the SNAKE position. 

If the data link is in operation the data-link azimuth 
steering error dot will also be present, and if the radar is 
operating in the 30-mile search range the target märker 
circle will also Ье displayed. As:the.lock-on operation 15 
ordinarily not begun until after the offset point has been 
passed, the time circle will not be displayed during this 
time. 


Radar Attack Phase 


During the radar attack phase (see Figure 7), which 
begins when radar lock-on is achieved and the action 
switch is released, the following indications will be dis- 
played: 

(a) Artificial horizon 

(b) Range sweep line showing video signals 

(с) Range gate cursor (now coincident with the target 
video) 

(d) Range circle 

The circle has а gap used to indicate by its radial 
position the opening or closing rate between target and 
interceptor. The actual numerical value of this rate can 
be estimated by means of the position of the gap relative 
to the edge-lighted numerals and small radial lines on the 
overlay. These are calibrated in hundreds of knots. When 
rockets are selected this circle will remain at its maximum 
diameter of 3 inches until the range diminishes to 5000 
yards, and when missiles are to be fired it will remain at 
its maximum diameter until the range diminishes to 
25,000 yards. 

(e) Steering reference circle 


TARGET 
BLIP 


DATA-LINK 
^ STEERING 
RANGE DOT 
SWEEP: ; 


DATA-LINK À 
TARGET 4 
MARKER 
CIRCLE 


RANGE GATE 
CURSOR 

MAIN ^ RU ” ARTIFICIAL 
BANG — HORIZON 


Fig. 6. Scope presentation during lock-on operation with 
data-link information being presented. 
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REFERENCE 
CIRCLE 


“STEERING DOT 
(CENTERED) 
+ 


зам abc 


Fig. 7. Various scope presentations appearing during a 
radar lead-collision attack or SNAKE operation. 


E; Lr) EJ Е) 


Ë ` E J 


Е ) 


This сие will remain at а maximum diameter of 4 
inch until the time-to-go diminishes to 20 seconds (for the 
rocket lead-collision or Snake modes), or until che missile 
B prelaunch timing signal (if missiles have been selected), 
after which time it collapses to 1⁄4 diameter. It remains at 
this diameter until the pull-out warning indication ap- 
pears. 

(f) Steering error dot 
(g) Pull-out indication 

This pullout indication (a cross) appears in the 
center of the display, replacing the attack display when 
the rocket-firing signal or a collision-warning signal is 
delivered, or if missile preparation is aborted. When mis- 
siles are fired it appears three seconds after the missile- 
firing signal is delivered. In the first cases this indication 
will remain on the screen until radar lockon is broken, 
after which the system will automatically return to auto- 
matic search. In the last case the indication remains until 
armament is reselected or the system is returned to auto- 
matic search. 


Ground Map Phase 


During the ground map phase (see Figure 8), the 
following indications will appear: 
(a) Artificial horizon 
(b) B-scan search trace showing video signals 

By moving the IFF-Beacon Expand switch on the 
flight stick co the EXPAND position, it is possible to 
expand over the entire display the 20-mile portion above 
the marker. 


ARTIFICIAL 
HORIZON 


Fig. 8. Scope presentation during ground map phase. 
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REPLIES 


BEACON 
EXPAND | 
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Fig. 9a). Scope presentation showing beacon replies. 


Ground Beacon Phase 


During the ground beacon phase; which is illustrated 


by Figures 9(а) and (b), che following indications will 
be displayed: 


(a) Artificial horizon 
(b) B-scan search trace showing video from ground beacon 


BEACON 


ARTIFICIAL REPLIES | 


HORIZON 


t 
1 


Fig. 9(bl. Scope presentation showing expanded beacor 


replies. 


For ease in identifying ground beacons it is possible 
со expand the replies, as shown in Figure 9(b), by mov- 
ing the range marker just under the unexpanded response, 
and by moving the IFF-Beacon Expand switch to the 
EXPAND position: ساس سے‎ - 

Although it is not possible to lock on to a target ог 
beacon in the ground map or ground beacon modes, it 
is possible to searchlight a target or a beacon by means of 
the antenna hand control. 


Left-hand Indicator Control Panel 


This panel (see Figure 10) contains (a) a spring- 
loaded push button labeled ANTI-JAM that causes the 
frequency of the tunable magnetron to be varied within the 
limits of the search frequency band, and (b) a control to 
adjust the pitch indication of the artificial horizon presenta- 
tion. Pressing this contro] will cause the vertical gyro to 
fast erect. 


Right-hand Indicator Panel 


This panel (see Figure 11) contains (а) a rwo-posi- 
tion toggle switch that provides for selection of either the 
normal operation of the radar or the anti-clutcer feature, 
and (b) a control which varies the gain of the radar re- 
ceiver for optimum video brightness on the radar indicator. 


Flight Control Group 


This control (see Figure 12) is a dual-head flight 
control stick, and comprises two hand grips mounted on 
а yoke attached to the aircraft flight stick. The configura- 
tions of the cwo grips, their respective functions, and the 
functions of the yoke controls are as follows. 


Right-hand Control 


This element is the usual flight stick control head 
attached to the aircraft flight stick. It is similar to the Air 
Force B-9 control, and houses the following switches: 


(a) Armament trigger — This control, a 3-ровігіоп spring- 
loaded trigger switch, is effective only when the nose wheel 
is retracted and the arming switch on the armament control 
panel is sec to ARMED, and when the system is in the 
optical modes, or when either trigger salvo position has 
been selected on thé armament control panel. Pressing the 
trigger from the normally open position to the first closure 
position opens the doors and extends the launchers if the 
selected armament is loaded on the launchers. If GAR-1B 
(optical) missiles have been selected, extension is delayed 
approximately 16 seconds to allow for missile preparation. 
The second closure position will fire the armament 
selected. Again, in the case of GAR-1B missiles, it is neces- 
sary thar the missile preparation be completed before firing 
can occur. The chapter on the missile auxiliary subsystem 
contains a more complete description of missile firing. 
(b) Manual mode trigger — This switch, operated by the 
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Fig. 10. Left-hand indicator control panel. 


second and third fingers, is incerlocked with all modes of the 
AFCS (automatic flight control subsystem). 

In the AFCS pilot-assist mode, pressing the trigger 
places the aircraft їп manual control; releasing it causes 
the pilot-assist function to operate so that the aircraft 
maintains the atritude or heading prevailing at the time 
of release. The altitude hold provision must be selected 
after release of this trigger. 

In the AFCS attack mode, automatic control is initiated 
after lockon, providing an armament selection has been 
made, and providing the manual mode trigger is not de- 
pressed. Pressing the manual mode trigger at this time 
will return the aircraft to manual control; releasing it will 
restore the AFCS subsystem to the attack mode providing 
lockon has been maintained and the selected armament has 
not been fired. 

Operation in the pilot-assist or attack modes is con- 
tingent upon the selector switch on the AFCS panel, (flight 
mode remote switching control panel), being in the AFCS 
position and the piech and yaw dampers being engaged. 
Operation in the AILAS mode requires that, in addition, 
the AILAS switch be in the AILAS position. Additional 
information concerning AFCS controls is contained in the 
last, (flight mode. rémote switching control), section of 
this chapter. 


(c) Emergency manual switch — This is a SPST momen- 
tary contact, normally closed button switch. Actuation of 
this switch disengages che AFCS subsystem and the pitch 
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Fig. 11. Right-hand indicator control panel. 
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and yaw damper, and places the aircraft іп direce-manual 
mode. 


(d) Trim button — This is a thumb-operated, 5-ровігіоп, 
momentary contact, normally open switch. In the manual 
mode, this button serves to trim the aircraft in pitch by 
longitudinal movement and in roll by lateral movement. 


Fig. 12. MG-10 dual-grip flight 
control stick. Yoke of the flight 
control group attaches to aircraft 
flight stick, 


ANTENNA 


| MIC. Ә NOSE WHEEL 
ELEVATION IFF-8CN EXPAND STEERIN 
\ / 


6 TRIM 


MANUAL LOCK 


RETURN” 
TO SEARCH NOSE-TAIL | OPTICAL MANUAL 
„Г SIGHT 
ACTION 7 \ : / ARMAMENT 
SWITCH | ; TRIGGER 


MANUAL MODE 
TRIGGER 


When used with the pilot-assist mode of the AFCS it 
serves as а vernier rate input of pitch and bank attitude 
to the subsystem. 


(e) Microphone and nose wheel steering switch — This 
is a chumb-operated, SPST, momentary contact, normally 
open button switch. It is interlocked with the nose landing 
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gear to provide a dual function. Pressing the button when 
the nose wheel is down, loaded, and at a turn angle of less 
than 55° provides for pilot control of nose-wheel steering; 
at other times che button provides for microphone control. 
(A second microphone button is provided on the throttle, 
so that the pilot is at no time without communication 
facility.) 


Left-hand Control 


The left-hand grip is called (һе radar antenna hand 
control This grip, which pivots about its base, is spring- 
loaded and returns to irs neutral (vertical) position when 
not in use. With the control in neutral, the antenna points 
forward at an elevation angle determined by the setting of 
the elevation control (see below). When the action switch 
(see below) is depressed, che antenna azimuth position 
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and range gate position are slewed to the position of the 
hand control. Left and right movements of the hand con- 
trol produce corresponding left and right movements of 
the antenna. Forward and backward movements produce 
corresponding upward and downward movement of the 
range gate (in the 6-mile or 30-mile search mode) or of 
the strobe (in the ground map or beacon mode) on the 
radar indicator. The range gate may be moved ourward in 
range up to 15 miles; the strobe may be positioned to 
represent ranges of from 5 to 200 miles. The grip houses 
the following switches: 


(a) Action switch — This is a spring-loaded SPDT trigger 
operated by the index finger. When pressed, the trigger 
transfers control of che antenna from the automatic 
scanning circuits co the hand control, and, if the system is 
in the 6-mile or 30-mile search modes, causes the range- 
rate го appear on the radar indicator, With the system in 
the 6-mile or 30-mile search modes, and after a target has 
been spotlighted in azimuth, elevation, and range, release 
of the action switch initiates automatic tracking. 

In che 200-mile navigation modes, the lock-on circuits 
are not energized, and target acquisition is not possible. 
The strobe is displayed at all times, even though the action 
trigger is not depressed. 


(b) Elevation control — This is a thumb-operated roller 


control which varies the elevation angle of antenna radia- 


tion over a -= 6? angle. The elevation roller provides 
vernier control of the ELEVATION scan switch on the 
antenna scanning control panel. 


(с) IFF-beacon expand switch — This is a thumb-operated, 


SPDT roller switch used for target interrogation, air-to-air 
beacon, and radar beacon display expansion. 

In all system modes, the lower position of the switch 
provides for air-to-air beacon operation, resulting in intensi- 
fication or blooming of the echoes of responding targets 
on the indicator screen. 

When the system is operating in 6-mile or 30-mile 
search or in automatic track mode, the upper position of 
the switch provides for IFF interrogation, resulting in 
blanking of the echoes of resporiding targets on the screen. 

When the system is operating in che 200-mile navi- 
gation modes, placing the switch in the upper position 
causes the 20-mile portion of the display extending out- 
ward in range from the strobe to be expanded over the 
entire display. As the display is equal ro 200 miles, a 
10-to-1 expansion of the 20-mile portion is achieved. 

Both the upper and lower positions of the switch are 
momentary-control; in either position the system anti- 
clutter circuits are disabled. 


(d) Return-to-search switch — This is an SPST momen- 
tary contact, normally closed switch operated by the index 
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finger. Ir functions to disconnect the ancenna-positioning 
circuits from manual or automatic tracking control (there- 
by breaking lockon), and со return the antenna to the 
aucomatic search scan program, 


Yo£e Controli 


(a) Manual lock control-— This is а mechanical latch 
mounted in the yoke of che dual-head flight control stick 
assembly. The latch is moved forward to free the left-hand 
grip for antenna control functions; it is moved aft to lock 
the grip. in its neutral position. 


(b) Nose-tail switch — This is an SPST toggle switch 
which functions to provide manual control of che nose-tail 
relay in the synchronizer prior to lockon. It is used to 
facilitate lockon to a chaff-dispensing target. In the forward 
(NOSE) position ic selects the leading edge of the target 
echo for tracking. In the aft (TAIL) position it selects che 
trailing edge of the echo for tracking. In normal use the 
NOSE position would be selected when the radar line of 
sight was in che targets forward hemisphere, and TAIL 
when the radar line of sight was in the targets rear 
hemisphere. 


(c) Optical sight cage-uncage switch — This is an SPST 
toggle switch, furnished as part of the provisions for a de- 
flection-type optical sight, and is mounted on the yoke of 
the dual-head flight control stick assembly. In the CAGE 
position, the switch provides for caging the radar ancenna 
along the antenna reference line, providing an optical 
mode has been selected on the armament concrol panel. 
With the switch in the UNCAGE position (and the sight 
reticle maintained on the target), the gyros on the antenna 
will sense the rate of change of the line of sight, and will 
serve as an input co the computing system to derive the 
appropriate lead angle. 


Target Altitude Indicator 


This meter (see Figure 13) is used to display target 
altitude above sea level (up to 60,000 feet) as received 
over the data link. 


Armament Control Panel 


This panel (see Figure 14) is not part of the MG-10 
system, but as selections made on іс affect operation of the 
MG-10 system and the entire armament control system 
(which includes certain MG-10 components), іс will be 
discussed in derail. In brief, selections made on this panel 
are used in the weapons system to make a variety of arma- 
ment decisions. 

The armament master switch has two positions, 
ARMED and SAFE, which affect system operation in a 
manner which depends on the setting of the armament 
selector switch. If the armament master switch is in the 
ARMED position, the ахтатепе selector switch permits 


selection of a number of rocket salvos, selection of SNAKE 
operation, and selection of a number of missile salvos. 
The four rocket salvo positions of the armament selec- 
tor switch and their functions are as follows: 
(а) Trigger salvo— This position provides for emergency 
salvo firing of all rockets when the stick trigger is depressed. 
(b) OPT — This position selects all available rockets. (up 
to 48 maximum), and permits activation of all circuits 
necessary for che firing? of rockets with the optical sight 
and trigger. If the pilot steers to keep the optical reticle 
on target, the aircraft will fly approximately а lead-pursuic 
course. 
(с) 48— This position provides for firing of all available 
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Fig. 13. Target altitude meter. 


rockets (up to 48 maximum) by radar only. By flying the 
intercéptor so as to keep che steering dot centered, the 
pilot will fly а lead-collision course. 

(d) 24—- This position provides for firing of 24 rockets 
by radar only on a lead-collision course. 

In the snake position, no armament preparation will be 
made. However, all armament circuits requiring longer 
than 15 seconds to reach operating condition shall remain 
on. By keeping the steering dot on the radar indicator at 
the center of the screen, the pilot will fly a lead-pursuit 


?Rocket firing is discussed in the appendix of this chapter. 


Fig. 14. Armament control panel 
permits selection of several types 
of rocket and missile attac':s. 


course. 

The four missile salvo positions of the armament. 
selector switch and their functions are as follows: 

(а) 3 RAD — This position selects one GAR-1 missile 
bay, if available, co be fired? by radar only on a lead-collision 
Course. 

(b) ALL — This position selects all missiles available, to 
be fired by radar only from a lead-collision course. 

(c) 3 OPT — This position selects one GAR-1B missile 
bay. if available, for firing, and permits operation of all 
circuits necessary for preparing and firing of GAR-1B mis- 
siles by optical sight guidance from a pure pursuit course 
and manual stick trigger, proving radar lockon has not 
occurred. If the radar is locked on the target, radar guidance 
and armament preparation signals shall govern the firing 
of the GAR-1B missiles selected. 

(d) Trigger Salvo — This position provides for manual 
emergency firing of all missiles when the manual stick 
trigger is depressed. Certain missile preparation functions 
are bypassed, and missile guidance by the radar is prevented. 

If che armament master switch is on SAFE, the arma- 
ment selector switch has che following functions. 

The positions described in the rocker TRIGGER 
SALVO and rhe missile TRIGGER SALVO may be selected, 
but firing circuits cannot be energized. 

Rocket release positions OPT, 48, and 24 and missile 
release positions 3 RAD, ALL, and 3 OPT perform the 
same functions as when thé ARMED position is selected, 
except that no armament-firing circuits are energized and 
no preparation signals are delivered to che armament. 
Steering signals shall be delivered from the computer. 
These positions, with the master armament switch in SAFE, 
are primarily to be used for test and practice, and to 
command either rocket or missile lead-collision course 
steering signals to be delivered from the computer or to 
activate the optical sight without firing of armament. 

The functions of SNAKE remain as described pre- 
viously, except that no armament circuits are energized. 


"Missile firing is discussed in rhe appendix of this chapter. 
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Servoed optical sighthead. 


The availability indicator provides three indications. 
One indication appears as the word OK, another indication 
appears as the word NO, while the third indication is a 
blank. 


The OK indication will appear under the following 
conditions: 

I. When rockets are selected (that is, when the arma- 
ment selector switch is in the OPT, 48, or 24 position), 
and if rockets are on board. 


Actually, the OK indication will appear when the armament 
selector is іп the OPT, 48, ог 24 position, and if the rocket inter- 
valometer is in a position го fire rockets. One way in which rhe 
intervalometer сап be placed. in position to fire rockets is by plac: 
ing the selector switch in the rocker TRIGGER SALVO position. 
Thus, if all rockers have been fired and the selector switch is placed 
in the госкес TRIGGER SALVO position and repositioned to one 
of the other rocket positions, che availabiliry indicator will register 
OK, even though no rockets are available. 
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2. When the armament seleccor switch is in the 3 RAD 
missile position, and if there is at least one GAR-1 missile 
on board. 

3. When the armament selector switch is in the ALL 
position, and there is at least one missile, either GAR-1 or 
GAR-1B, on board. 

4. When the armament selector switch is in the 3 OPT 
missile position, and GAR- 1B missiles are loaded exclusively 
in either bay or both bays. 

The availability indicaror will register NO for all 
other conditions. The blank indication will appear when 
the armament selector switch is in che SNAKE position, 
regardless of whether any armament is on board. 

The LAUNCHERS EXTENDED warning light is 
mounted adjacent го а push-to-retrace switch. If, for any 
reason, a missile fails го leave the launcher when a firing 
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Fig. 1510), Data-link СС! channel selector control panel. 


signal has been delivered to chat missile, the launcher is 
not retracted automatically, and the light comes on to indi- 
cate that a launcher remains extended. Thus, the light 
indicates chat an abnormal condition exists. If a decision 
is made that it is safe to retract the launcher and close the 
armament bay doors, this may be initiated by pushing the 
push-to-retract button. This will extinguish che LAUNCH- 
ERS EXTENDED light when the doors have closed. 


Servoed Optical Sighthead 


Тһе optical sight head, which is mounted on the 
windshield above rhe radar indicator, contains а ге- 
tractable combining glass which may be lowered into 
position when desired. Two controls are included on the 
rear of the sighthead, the one on the left being a reticle 
brightness control, and the other being a four-position target 
selector switch. When the latter control is positioned to 
correspond. to the class of target being engaged (such as 
B-29 type, B-52 type, etc.), a fixed range voltage and an 
interceptor-rarget overtake speed voltage will be introduced 
into the Universal! Computer for rocket firing attacks, and 
the overtake speed voltage will be introduced into the “r” 
parameter computer їп the missile auxiliaries for missile- 
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Fig. 15{b). Data-link subcarrier channel selector 
control panel. 


firing atcacks. This switch also selects a reticle pattern which 
has a size corresponding to the span of the target's fore- 
shortened wings at the range at which firing will take place. 
The reticle pattern consists of a center dot and two con- 
centric circles which are projected on the combining plass. 
As this display is focused at infinity, parallax effects are 
negligible. The inner circle is used for missile-firing attacks, 
and the outer reticle is used for rocket-firing attacks. 

In making а rocket-firing attack using the optical 
sighthead for tracking the target, the pilot will position the 
armament selector switch to OPT, visually identify the 
target as го type, and set the target selector switch to a 
position corresponding to this identification. This position 
of rhe armament selector switch will cause the antenna (О 
be taken out of automatic search and to be driven so as to 
point along the radar boresight line, and cause the reticle 
display selected to appear on the combining glass. After 
tracking the target briefly to build up angular rate voltage 
from the antenna gyros, the pilot chen moves the CAGE- 
UNCAGE switch on the flight stick to the UNCAGE posi- 
tion. The Universal Computer output then causes the 
antenna (and, therefore, the reticle position which is slaved 
to the antenna) to be precessed to a certain lead angle. 
The pilot continues to track the target by keeping the reticle 
display on the target. When the target's foreshortened wings 
are bracketed by the outer reticle, the pilot will normally 
depress the trigger to the first position to open the armament 
bay doors and extend armament. After steering out cran- 
sients, the pilot will depress the trigger to the second posi- 
tion, and the rocket-firing signal will be delivered to the 
armament control system intervalometer to begin proper 
ripple firing of rockets. 

In making a missile-firing attack using the optical 
sighthead, the pilor will move the armament selector switch 
to the 3 OPT position. The operation is exactly the same 
as for rocket attacks, except that the reticle display will 
remain positioned along the radar boresight line regardless 
of the position of the CAGE-UNCAGE switch on the flight 
stick. As no lead angle is generated, the aircraft will be 
flown on a pure pursuit course if the target is tracked 
properly. When the trigger is depressed to the first position 
certain missile-preparation operations (discussed in the 
last section of the missile auxiliary subsystem chapter) will 
be initiated, at the end of-which time the bay doors will be 
opened and the launchers extended. When the trigger is 
fully depressed, the missile-firing signal will be delivered to 
the aircraft intervalometer to initiate missile firing. | 


Data-link Control Panels 


The data-link cockpit controls, as shown in Figure 
15 (а) and (b), consist of the GCI chanael-selector control 
panel and the subcarrier-channel selector control panel. The 
former panel is used to select any one of 20 preselected 
data-link channels. Each of these channels includes pro- 
visions for one voice channel and 25 data subchannels. The 
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Fig, 16. Flight mode remote 
switching control. 


latter panel is used to select any one of these 25 subchannels. 


Flight Mode Remote Switching Control 


The flight mode remote switching control panel, as 
shown in Figure 16, has the following four controls: a 
damper engage switch, an AFCS switch, an AILAS switch, 
and an altitude hold switch. (A data-link switch co engage 
a data-link mode is also being considered, but no definite 
information is available at che time of writing.) 

The damper engage switch determines whether the 
pitch and yaw dampers are in the control circuit. In the 
direct sétting the dampers are out of the control circuit. 
In the manual setting the dampers are engaged. Automatic 
flight is possible only if the dampers are engaged and the 
MG-10 system is in STANDBY or ON operation. The 
latter requirement stems from the fact that there is only 
one power supply for the MG-10 system. 

The AFCS switch engages the automatic flight control 
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subsystem. Thete are three modes of automatic flight: 
attack, landing approach, and pilot assist. When the switch 
is in the AFCS position (1) the system will automatically 
go into the attack mode upon lockon, (2) the system will 
go into the landing approach mode when the AILAS 
switch is engaged, otherwise (3) the system will go into 
the pilor assist mode. 

In the pilot assist mode the AFCS holds either the 
heading or bank angle and the altitude or pitch attitude 
of the aircraft. The heading is held if the wings are level 
to within 5° when the AFCS is engaged; the bank angle is 
held if che wings are tipped more than 5° when che AFCS 
is engagéd. Whether alcirude or pitch attitude is held 
depends on the setting of the altitude hold switch. The 
altitude hold switch can be engaged only after the AFCS 
is engaged. Pitch attitude and/or bank angle can be ad- 
justed while they are being held by means of the elevon 
crim control on the flight stick. 


APPENDIX | 


ROCKET LOADING AND FIRING 


The F-102A has provisions for loading rockets in the 
bays* (if missiles are not loaded) and in four of the bay 
doors. Thirty-six rockets can be loaded in each bay, and 24 


rockets can be loaded in the doors, for a total of 96 rockets. , 


The bay rockets are loaded in pods, 12 со a pod, and each 
pod is connected to one of the six launchers in place of a 
missile. The door rockets are mounted in tandem in three 
rows, six to a door, When the forward rocket in a door 
tube is fired, this rocker upon leaving the tube causes a 


*Elimination of the capability of loading rockets in the bays is 
now being considered. When this is effected the armament selector 
switch on the armament control panel will be modified accordingly. 
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switch to be closed, chereby permitting the intervalometer 
firing signal which fires the ак rocket in that tube to be 
delivered to the aft rocket. The only armament combina- 
tions not compatible with the armament control system 
are missiles loaded in one bay and rockets loaded in the 
other bay, or rockets and missiles loaded in the same bay. 
Two practical armament loadings will ordinarily be used: 
6 missiles and 24 rockets or no missiles and 96 rockets. 
If 24 rockets are loaded, they can be fired if the armament 
selector switch is in the OPT, 48, or 24 position. The 
rocket-firing program for a full load of 96 rockets is 
shown in Table I. 
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Missile Loading and Firing 

Missile bay selecrion is dependent on the setting of 
the armament selector switch ‘and the loading of the missile 
bays, and is mechanized in accordance with the following 
rules: 

1, If a salvo of 6 is fired, the aft bay will be fired first. 

2. If a bay has any GAR-1 (radar) missiles, it is con- 
sidered to be a “radar” bay. Thus, if there is a mixed load 
in both bays and 3 OPT (GAR-1B) missiles are selected, 
the selection will not be fired. 

3. Both bays cannot be fired separately by the same 


position of the selector switch, unless the selector switch is 
reset between passes, even though the loading of both bays 
is the same. Thus, for example, if the selector switch were 
placed on 3 RAD for the first pass, and it were desired 
to use the same selection for the second pass, the selector 
switch would have to be reset. 

4. Because of the possibility of GAR-1B missiles lock- 
ing on to the hot exhaust of the first group of a selected salvo 
of 6, the second group of 3 will not be fired if it contains 
one or more of this type of missile. Thus, if any GAR-1B 
missiles are loaded in. the forward bay, and the aft bay is 
loaded and ALL missiles are selected, only the aft bay will 
be fired. 

5. If che selector switch is in che ALL position, at least 
one bay will be fired. If both bays are loaded, both bays 
will be fired, except as noted in the preceding paragraph. 

The above rules are tabulated in Table II so as to 
show the indication of the availability annunciator for 
each of the three missile positions of the selector switch. 
An OK registered on the availability indicator indicates 
that an appropriate missile selection has been made and 
that missiles can be fired. 
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О. POWER SUPPLY SUBSYSTEM 


The all-weather interceptors presently being designed 
require a large amount of electronic equipment. This equip- 
ment generally includes many critical circuits. Consequently, 
a heavy load of closely regulated d-c power is required. This 
power must be supplied at a minimum cost in weight and 
space, for in modern aircraft these are both at a premium. 

White regulated d-c power supplies, using a conven- 
tional transformer-rectifier arrangement with series-type 
electronic regulation, can meet the electrical requirements of 
modern electronic equipment, the size and weight of such 
equipment becomes prohibitive at the higher power levels. 
Further, because of the large amount of power dissipated 
by the conventional types of power supplies, weight in the 
form of cooling equipment must be added elsewhere. There- 
fore, in recent years it has become evident that a new ap- 
proach to the power supply problem is necessary—an 
approach concerned largely with securing high efficiency, 
small size, and great reliability. 

The power supply for the MG-10 aircraft and weapon 
control system (for the F-102A) is a first step in this 
direction. It consists essentially of an air-cooled motor- 
generator unit comprising a 3-phase, 400-cycle induction 
motor driving three d-c generators. The four components 
are mounted on one shaft. The outputs of the generators 
are regulated by three carbon-pile voltage regulators, five 
"Clampac" electronic regulators, and two series-type elec- 
tronic regulators, to provide the following voltages: + 300, 
+250, +150, and — 250 volt.* 

The 28-volt d.c power is connected to each field of 
the three generators through a carbon-pile regulator, The 


“Тһе supply also includes filters, circuit breakers, and control 
relays for the distribution of 400-cycle and 28-volt d-c power from 
the aircraft's generators to various portions of the MG-10 system. 
The 3-phase a-c power from the aircraft alternator is connected to 
а junction-box where each phase is filtered to reduce noise, Each 
phase is divided into several lines, each line being connected to a 
circuit breaker. The lines are then coupled to a relay box for con- 
trolled distribution throughout the MG-10 system. Twenty-eight 
volt d-c power from the aircraft generator is connected to another 
junction box, filtered to reduce noise, and routed to various portions 
of the MG-10 system by relays, Circuit breakers protect the circuits 
from overloads. 


resistance of each regulator is controlled by the high-voltage 
output of the generator to which the carbon pile is con- 
nected. Thus, if the terminal voltage of a generator changes, 
the current through tlie solenoid of the carbon pile will also 
change, producing a change in pressure on the carbon pile 
and thereby varying its resistance accordingly. The resist- 
ance change in the carbon pile will vary the field current of 
the generator in such a manner that the terminal voltage 
will tend to remain at the normal value. 

This feedback loop is fairly slow acting because of the 
high inductance of the generator's field. Hence, further 
high-frequency regulation is required. This is provided by 
the Clampac regulators. These are a Hughes development, 
the name being suggested by the fact that they effectively 
clamp the output voltage of the generators against a-c load 
and line changes. The Clampac may be described as a com- 
bination of both series and shunt-type electronic regulators. 
The shunt tube conducts when the output voltape of the 
generator tends to increase, thereby bringing the voltage to 
normal. The series tube conducts when the output voltage 
of the generator tends to decrease, RC networks prevent 
these tubes from responding to slow variations. The 
Clampacs provide regulation against such high-frequency 
effects as. commutator ripple in the generator outputs and 
transients caused by varying loads of the MG-10 system. 

Since requirements for +150-volt d-c power are rela- 
tively small, this voltage is provided in the conventional 
manner by coupling the output of the +250-volt supply 
through a series regulator. 

Protection of the MG-10 system against overvoltape 
and loss of bias is provided by overvoltage relays and inter- 
lock relays. If the output voltage of one of the generators 
should suddenly rise to a dangerous value as a result of the 
carbon-pile voltage regulator losing control because of an 
open circuit occurring in the sensing loop, for instance, a 
relay would be energized which would disconnect the 28- 
volt d-c power from the field of the generator supplying 
the voltage. If bias should be lost on the MG-10 system 


-through a failure of the — 250-volt line, the output voltage 


MG-10 Power supply. 
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£ all the 250-volt and 300-volt Clampacs would be cut off 
o prevent damage to the system. Similarly, if the +250- 
volt output should be interrupted, the + 300-volt output 
would be cut off. The overvoltage relays should only be 
reset on the ground after correction of the condition causing 
the ovérvoltage to occur. The other protective relays will 
reset automatically when conditions return to normal. 


The МС-10 power supply is a significant step forward 
in airborne power supplies. It is estimated that as a result 
of the somewhat novel design employed in this supply, a 
saving of fifty percent of the weight and a substantial in- 
crease in reliability have been achieved over a comparable 
power supply of conventional design. 
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MG-10 POWER SUPPLY CHARACTERISTICS 


INPUTS 200 volts, 400 cps, 3¢, ac 


28 volts, dc 


OUTPUTS + 300 volts, 1 ampere, dc 
+ 250 volts, 3 amperes, dc 
— 250 volts, 1 ampere, dc 
+150 volts, 1 ampere, dc 


WEIGHT 1001 (approximately Including 
regulation 
SIZE 2 cu ft (approximately) equipment 
2 
DISTRIBUTION TO MG-IO SYSTEM 
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Fig. 1. Simplified block diagram of power supply subsystems. 
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Е. AN/ARR-44 DATA-LINK SUBSYSTEM 


Ground-controlled interception is an important part 
of the modern air defense system. Through GCI facilities 
an interceptor can be guided from its base to a point where 
a successful attack can be made and once the attack is com- 
pleted the interceptor may be guided to the landing base. 
This information may be relayed by voice or by some 
automatic means. Voice transmission has the disadvantage 
of being unreliable, particularly under jamming, and when 
a large number of aircraft are being directed, it is sub- 
ject to saturation. Automatic transmission of GCI informa- 
tion by some means such as data link has none of these 
disadvantages. 

Data-link information is transmitted in binary digital 
form by ground equipment, received and processed by air- 
borne equipment in the interceptor, and presented to the 
piloc on the radarscope and a meter mounted on the 
instrument panel. 

Eight items of information are presented over che 
MG-10 data link: phase, rime-to-go to a moving offset 
point? command heading,” attack heading,“ target bearing, 
target range, target altitude, and speed control information. 
Command heading is used only before the offset point is 
reached and attack heading is stored during this time and 
used after the offset point is reached. Speed control infor- 
mation is not displayed. Target bearing, command heading, 
and attack heading information are most useful when re- 
lated to interceptor heading. Thus, in the MG-10 system, 
interceptor heading is subtracted from these quantities and 
the resultant information is presented to the pilot. After 
subtraction, target bearing becomes relative target bearing, 
command heading becomes command heading error, and 
attack heading becomes attack heading error. 

The information presented to the pilot, then, is: time- 
to-go to offset point, command heading error, attack heading 
error, relative targer bearing, target range, and target alti- 
tude. In order that the pilot be required to remember only 
one set of symbols, che symbols used for the attack display 
are used to present the data-link information. The range 
circle is used to present time-to-go information. The steer- 
ing dor is used to present heading error information; the 
dot being deflected only along the horizontal diameter of 
the scope. The reference circle is used to present relative 


'"Phase is che degree of closeness of ground control of flight 
operations, Data-link transmissions are divided into four phases: 
(1) noncontrol, (2) modified close control; (3) close control, and 
(4) direct control. It was felt chat the informacion transmitted in 
phase 3, close control, would be most useful for the MG-10 system. 

"The offset point is a point which is located at some distance 
from the target between the interceptor and the target and which 
moves with che target. It is che point at which the interceptor 
begins to get on a lead-collision course with the. target. 

*Command heading is a heading which places the interceptor 
on à collision course with the offset point. 

“Ateack heading is a heading which places the interceptor on a 
lead-collision course with the target. 
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target bearing and target range; the circle being positioned 
laterally to indicate target bearing and vertically to indicate 
target range. The normal artificial horizon indication re- 
mains as such. The data-link display is shown in Figures 5 
and 6 in the cockpit subsystem chapter. Target altitude 
information is presented on a meter located on the instru- 
ment panel in the cockpit. 

Data-link equipment required to convert this informa- 
tion into a form suitable for display consists of an antenna, 
receiver, digiral converter, analog converter, target altitude 
meter, and two cockpit control panels. 


Data-link Message Standards, Organization, Structure 


A data-link message cycle (See Figure 1) consists of 
eleven messages: one phase message and ten function mes- 
sages. А message consists of sixteen binary digits (0° or 
175), each digit being transmitted for ten milliseconds with 
no interval between digits. There is а forty-millisecond in- 
terval berween messages. А complete message cycle, there- 
fore, requires 2.2 seconds. 

The structure of the phase message is shown in Figure 
2. Digits 1 through 4 indicare the address of the message. 
These four digits permix sixteen different combinations of 
05 and 15 from 0000 ко 1111, inclusive. As will be ex- 
plained in later sections this permits the control of sixteen 
different interceptors tuned to che same UHF channel and 
audio (ie. data) subchannel. The data-link circuitry in each 
interceptor, then, can be set up so that it will respond to 
only one combination of binary digits, that combination 
of digits signifying the interceptor to which the message 
is addressed. 

The next group of four digits is called the label, The 
first three digits are used to indicate that the message is a 
phase message. The fourth digit is used for a parity or error 
check, thar is, its value (0 or 1), will be chosen so as to 
establish a parity or equality in the evenness or oddness 
of the number of 1’s among all of the labels of a message 
cycle. Data-link message standards require that the number 
of 15 in the label Бе odd and the data-link circuitry is set 
up so as to determine this. If there are an even number of 
18 in the four digits of the label, the message will be in 
error and the circuitry will reject it. The first three digits 
of the label for the phase message are 000. As an odd num- 
ber of 15 are required for the label, the parity digit is а 
binary 1. If one error occurs (that is, a 1 is received in place 
of a 0 or a O is received in place of a 1), chere will be either 
all O's or two. 15 in the label and in either case the message 
will be rejected. If two errors occur, а 0 can be received in 
place of a 1 and a 1 can be received in place of а 0 or two 
l's can be received in place of two 0's. In this case the 
data link would accept the error. Thus, the circuitry would 
"think" that it was receiving a function message (with the 


exception of target bearing) instead of a phase message. 
The probability of two errors occurring is much less than 
the probability of one error occurring and if more than one 
error occurred it would be likely that it was due to con- 
tinuous jamming. Errors due to continuous jamming would 
be rejected by the message-link sensing capability to be 
described later. 

The next group of phase message digits is five in num- 
ber. These digits are used for transmission of discrete mes- 
sages. When a 1 is registered in digit position 9 it will cause 
a relay to be closed for ten milliseconds. When a 1 registers 
in digit positions 10 through 13 it will cause the respective 
relays to remain closed for a message cycle (2.2 seconds). 
If, on the next message a 0 is registered in any of these 
positions, the respective relay will be opened. Thus, digit 9 
is called a momentary contact position and the remaining 
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Fig. 1. Typical data-link message cycle. Black blocks indicate 


digits are called lockdown digits. At the present, no use is 
planned for digits 9 and 11 and, therefore, а 0 will be trans- 
mitted in these positions. Digit 10 is used for altitude scale 
change, a O in this position signifying 0 to 127,500 feet, a 
1 signifying 0 to 12,750 feet. It is not planned to use the 
O to 12,750 ft altitude scale for che target altitude meter 
in the cockpit. Digit 12 is called the selective call lock- 
down. When a 1 is registered in this position it causes 
the data-link voice channel to be coupled into the head- 
phone circuits and the command receiver output to be 
switched out. When a 1 registers in digit 13 іг can cause 
the radar to be switched to beacon operation. It is not 
planned to use this capability in MG-10. 

The last group of three digits of che phase message is 
called the phase word. The first two digits are used to indi- 
cate which phase is being transmitted. The third digit is a 
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а binary 1, white blocks indicate а binary о. 
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Fig. 2. Structure of mM £1 i, 
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parity check digir. Data-link message standards require that 
there be either по 15 or an even number of 15 in the phase 
word. The first cwo digits of the phase word for the close 
control phase are 00. The parity check digit for this phase, 
then, is a binary 0. 

The function message (See Figure 3) consists of three 
groups of digits: the address, the label, and the word. The 
address of a function message for апу one interceptor is the 
same as that of the phase message. The labels of the various 
function messages may be ascertained by referring го Fig- 
ure 1. In accordance with the message standards the labels 
of the function messages have an odd number of binary 1%. 
Digits 9 through 16 comprise the word of the function 


message. The word of the message establishes the value of 


the function transmitted. For close control operation, as 
planned for MG-10, the minimum value of each function 
( altirude, range, etc.) transmitted is zero (which is а series 
of 0's), and the maximum value transmitted is some positive 
number. Although all! values are integers, they are divided 
by a scale factor before transmission so that they can Бе 
converted to binary fractions. As a result, digit 9 is che least 
significant digit of the number. Time-to-go is transmitted 
as а 7-digit word, the eighth digit (digit 16) being used 
for a scale factor change. Thus, in this case, a 1 in position 
16 signifes а scale of 0-4064 seconds and a O signifies 
0-127 seconds. Only the 0-127 second time scale will be 
presented. 

In transmitting the function messages in a message 
cycle no standards have been established as to the sequence 
of functions. The transmission will depend upon the re- 
quirements of the individual flight. If, for instance, target 
altitude is changing rapidly, it might be advisable ro trans- 
mit this information continually for one or more message 
cycles, or the altitude might be transmitted every other 
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message during one or more message cycles. 


Data-link Receiver 


Data-link transmissions are assigned to the UHF band. 
As the center frequencies of the channels of this band are 
0.1 megacycle apart, 1750 channels are available іп the 
band. The data-link receiver (See Figure 4) is tunable 
throughout the entire band. 

The ground station amplitude modulates the r-f carrier 
in a prescribed manner to furnish the required intelligence. 
This modulation covers a 20-kc bandwidth. Each data-link 
channel, therefore, occupies a 40-kc band. The modulation 
is such that one voice channel and 25 subchannels can 
occupy each channel. The voice modulation covers a fre- 
quency range from 300 cps to 6000 cps. The frequency 
range from 7.75 Кс со 20 Кс is occupied by the 25 sub- 
channels, any or all of which may be used at one time in 
conjunction with the voice channel. The center frequency 
of each subchannel is separated from that of the adjacent 
subchannel by 0.5 kc. ‘Thus che center frequency of sub- 
channel A is 7.75 ke; the center frequency of subchannel B 
is 8.25 kc, and so on to 19.75 ke. In order го transmit the 
binary digital code, which consists of “O's” and “15”, each 
subcarrier is varied in time sequence Бу +0.05 Кс. There- 
fore, in order to transmit a binary 0 in subchannel A, the 
ОНЕ carrier is amplitude-modulated by a 7.70-kc signal. 
A binary 1 is transmitted in subchannel А by amplitude 
modulating the UHF carrier with a 7.80-kc signal. 

By means of the channel selector, which is part of the 


cockpit equipment, the receiver can be preset so as to receive ` 


any 20 of the UHF channels available for data-link trans- 
mission. Ány one of these 20 channels can then be selected 
by means of the control knob on this panel. The data-link 
receiver is similar in many respects to a standard UHF 
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communications receiver, the main difference being that 
it must have a wider bandwidth to accommodare the in- 
creased modulation frequency spectrum. The audio output 
is divided into a voice channel and a data channel by means 
of filters. Both of these outputs are coupled to the digital 
converter. 


Data-link Digital Converter 


The digital converter performs three functions: 

1. Selects one of the 25 available subchannels, depending 
on the setting of the subcarrier channel selector in the 
cockpit. 

2. Converts the data audio signals of the selected sub- 
channel into the corresponding binary digital code. 

3. Provides means to select either the voice signal from the 
data-link voice channel or the command receiver in re- 
sponse co commands from the data-link ground station. 

Three types of signals are coupled to the input of 
the digital converter: the 25 subcarrier frequencies from the 
receivet data channel, the data-link voice channel, and the 
output of che command communications receiver, The latter 
two signals are coupled to a switching network, the ouput 
of which is connected to the headphone circuits. The out- 
put of the data channel is coupled to a mixer which beats 
the incoming data-channel frequencies with the output of 

a local oscillator to produce a sum and difference frequency. 

The 1-Е amplifier is cuned to the difference frequency. As 

the local oscillator frequency, which is selected by means 

of the subchannel selector knob located on the control panel 
іп the cockpit, is 7 kc above the center frequency of the 
selected subchannel, the frequency to which the 1-Ғ ampli- 
fier is tuned is 7 Кс. A binary O will then appear as а 7.05-kc 
signal at the input to this i-f amplifier and a binary 1 will 
appear as а 6.95-kc signal. The output of the i-f amplifier 
is then coupled to a discriminator through appropriate cir- 
cuitry. The output of rhe discriminator will be a positive 
voltage for the 7.05-kc input and a negative voltage for the 
6.95-k¢ input. Thus a binary 0 is equivalent to a positive 
volrage and a binary 1 is equivalent to a negative voltage. 


Fig. 3. Structure of 
the function mes- 
sage. 


As the period of modulation is approximately ten milli- 
seconds and one modulation follows directly on the pre- 
ceding, the output of the discriminator will be a series of 
semisquare waves, each having a duration of approximately 
ten milliseconds and having a polarity dependent on the 
modulation frequency. 

The first digit of a message is transmitted first and is 
placed in the sixteenth position of a shift register, Shift 
pulses from a timing generator are also applied to the regis- 
ter in a delayed time sequence with the incoming signal. 
Thus as the second signal arrives, che shift pulse causes the 
first діріс со be shifted from the sixteenth stage to the 
fifteenth stage of the register. This continues until all 16 
digits of a message are in the register, at which time the 
first digit will be in the first stage and the remaining digits 
in their proper stages. When the message is in the register 
a series of checks are made. 

The first of these checks is to determine if the message 
is 160 milliseconds long. If the message is 160 milliseconds 
long an address check will be made. If the address is that 
for which the circuits were set, digits 5 to 16 inclusive will 
be coupled into intermediate storage relays. A parity check 
is chen made on the label aad if the parity is correct the 
information content of che label is examined. If the label 
indicates that the message is a phase message a parity check 
is made on digits 14, 15, and 16. If the phase parity is 
Correct the discrete messages (digits 9 through 12 inclu- 
sive) are permicced to operate the necessary circuitry. If 
the label indicates that che message is a function message, 
а signal will be generated to indicate to the analog con- 
verter chat the label and the number is available for read-out. 
This information will be available in the intermediate 
storage relays for approximately 150 milliseconds. 

In addition co these checks, a signal-to-noise ratio check 
is made during che forty milliseconds that the ground sta- 
tion is transmitting an unmodulated signal. If the noise ratio 
exceeds a certain amount, circuitry will operate to indicate 
to the pilot that the information presented to him may be 
unreliable. 
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Data-link Analog Converter 


As the name implies, the primary function of the 
analog converter is to transform. the digital information 
received from the digital converter into analog voltages of 


the proper scale factors for use by units of the cockpit sub- 


system. In addition to this basic function it also subtracts 
aircraft heading from heading to fly and target bear- 
ing to produce, respectively, heading error and relative 
target bearing, it accepts or rejects information from the 
digital converter depending on the presence or absence of 
a signal from this unit and stores this information in the 
proper channel, Although the exact method of accomplish- 
ing these functions is not yet fully established, the outline 
discussed below will, in general, be followed. 


The label and word information of the function mes- 
sage from the digital converter is coupled to an acceptance 


gate in the analog converter. If the information is accept- 
able; that is, if a signal from the digital converter is present 
which indicates that the parity and address checks are cor- 
rect, the information will be coupled го a selector switch. 
This switch is controlled by the label of the function mes- 


sage Іп such а manner chat the word (or value) of the 


message is coupled into the proper storage unit. As the out- 
put of the digital converter is parallel, the eight digits of 
the word are set into the eight stages of the storage unit 
simulraneously. A voltage which is analogous to the numer- 
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ical value of thé word is available at the output of each 
storage unit, 

The time-to-go output is used to drive a clock ‘servo. 
The servo is initially positioned by the analog voltage and 
the clock "runs down" at a predetermined rate until new 
information is available. The new information is compared 
with the clock position and if errors are present che clock 
i$ reset to che new indicated position. This servo then pre- 
sents a continuously varying time-to-go voltage except dur- 
ing the reset period. 

The heading-to-fly and carget bearing information are 
converted to analog voltages whose amplitudes are constant 
and whose phases are equivalent to the values of the digital 
numbers. Тһе outpur of the interceptor's compass is also 
available as a constant amplitude varying phase voltage. The 
two data-link voltages are each coupled to a circuit where 
their phase is compared with that of the compass voltage 
to obtain a resultant voltage whose amplitude is propor- 
tioned to the difference between the two input voltages. 
In this manner, these two items of data-link information 
are converted to heading error and relative carget bearing. 

The target range and altitude information are con- 
verted to analog, voltages whose amplitudes are equivalent 
со the values of the digital numbers. - 

These voltages are then coupled to units of the radar 
equipment for presentation in the cockpit subsystem. 
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F. THE AUTOMATIC FLIGHT CONTROL 
SUBSYSTEM 


The Automatic Flight Control System (AFCS) has 
three modes of operation: attack, pilot assist, and landing 
approach. In the attack mode, the AFCS steers. che іпгег- 
ceptor precisely along the attack course for firing the 
intercéptor's missiles, or rockets, in response to steering 
signals provided by the radar and computing subsystem. 
The áttack mode is operative only during radar lead- 
collision attacks. In the pilot assist mode, the AFCS pro- 
vides conventional autopilot functions such as heading 
hold, altitude hold, and attitude hold, thereby relieving the 
pilot of routine steering tasks. In (һе landing approach 
mode, the AFCS steers the interceptor automatically during 
the landing aproach up to the point of flare-out (about 
50 feet above the runway); flare-out and touchdown аге 
accomplished manually by the pilot. 

The AFCS, in conjunction with the aircraft damping 
system, maintains coordinated and stable flight during 
automatic operation. The damping system of the F-102A, 
which, provides for pitch damping, yaw damping, and 
turn coordination, operates with the identical parameters 
in both manually and automatically controlled flight. 
Transition from manual to automatic steering (or vice 
versa} is accomplished in a smooth and safe manner. 
Electronic limiting of aircraft acceleration is provided so 
that, in maneuvers governed by the AFCS, the stall limit 
of the aircrafe will not be exceeded and the pilot will not 
be subject to an uncomfortable number of "g's" (The lift 
acceleration is limited to the stall limir of four "gs, de- 
pending on which is smaller.) Mechanical limiting of 
acceleration is provided by the airframe manufacturer so 
that све structural limit of the aircraft will not be exceeded. 

In response to command signals from the AFCS to- 
gether with pitch-rate, roll-rate, yaw-rate, and effective 
elevon-position signals, the control surfaces of the aircraft 
are deflected, through hydraulically operated actuators, to 
steer the interceptor on the correct course. In the auto- 
matic modes of operation the control surface positions are 
followed at all times by che control stick; che pilot can 
disengage the AFCS whenever he chooses by means of a 
pressure switch on the stick. 
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Fig. Т. Relation between angle-to-turn-through and re- 
quired norma! acceleration. 


The AFCS has been designed in an integrated manner 
in order to share common equipment among the various 
modes of operation and to share components of the aircraft 
and of the rest of the MG-10 system, wherever feasible. 
Excluding mounting racks, connecting plugs, and cables, 
the total weight of che AFCS equipment is approximately 
65 pounds, and the total volume is about 1.1 cubic feet. 


Operational Description 


The three modes' of operation of the AFCS are de- 
scribed in greater detail below. 


Attack Mode 


The AFCS provides automatic steering of the Е-102А 
over its entire tactical range during che two major types 
of radar attacks permitted by the MG-10 system: lead- 
collision (rockets) and lead-collision (missiles). The at- 
tack run begins after armament is selected, radar lockon is 
achieved and the radar starts tracking the target. The air- 
craft is then controlled automatically according to steering 
signals received from the radar and computing subsystem. 
Automatic steering continues until the armament is fired, 
unles the pilot (or a collision warning signal) disengages 
the AFCS. Loss of radar lockon will return the AFCS to 
a pilot assist mode. 

During the attack run, che MG-10 radar and computing 
subsystem continuously measures quantities representing 
target position and velocity relative to the interceptor. 
From this information, together with armament-ballistics 
and aerodynamic data, it calculates the azimuth and eleva- 
tion angles through which the interceptor should be turned 
to get on a lead-collision course with respect to the target. 
The azimuth signal specifies the angle-to-turn-through in 
the plane of the intercepror’s wings, and che elevation signal 
specifies che angle-to-turn-through normal to the plane of 
the wings. This information is presented to the pilot on the 
radarscope by the displacement of a steering dot from the 
center of the scope. The AFCS receives equivalent signals 
as its inputs. 

The task of the AFCS is to translate the azimuth and 
elevation steering signals from the Universal Computer into 
requests for aileron (asymetric elevon-deflection) and eleva- 
tor (symetric elevon-deflection) motion which will provide 
the desired accelerations. According to these request signals 
(together with pitch-rate, roll-rate, yaw-rate, and effective 
aileron-position signals) che aircraft control surfaces (ele- 
vons and rudder) are deflected to cause the airplane to turn 
toward a correct lead-collision course at a rate propor- 


1 Although part of the АРЕС equipment operates during man- 
ual flight, only the AFCS active control modes are described. 
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tional to the off-course error. (See Figure 1.) Thus, the in- 
сегсергог turns rapidly toward che computed lead-collision 
course when chere is considerable error and, as che error is 
reduced, smoothly reduces irs turning so as to fait into the 
course. Maneuvers of the rarget cause the radar to measure 
new quantities, the computer to calculate new steering sig- 
nals, the AFCS to develop new acceleration érror signals, 
and the control surfaces to move in response to the new 
signals. 


Pilot Assist Mode 


The AFCS provides a pilot assist mode го relieve the 
pilot of routine steering tasks, over the aircraft's entire oper- 
ational range, by maintaining the aircraft in the attitude in 
which the pilot has been flying ic. In the pilot assist mode, 
the AFCS accepts vertical-gyro and/or directional-gyro 
and/or ambient-pressure signals as primary inputs and pro- 
duces error signals which cause the aircraft's control surfaces 
to be moved so as to maintain the aircraft's 

(1) pitch and bank attitude, 
(2) pitch attitude and heading, 
(3) altitude and bank attitude, or 
(4) altitude and heading 
as they were when the pilot assist mode was engaged. 

Which of these combinations is maintained, is deter- 
mined as follows. The pilot decides whether (о have the 
AFCS hold the aircraft's altitude or its pitch attitude, and 
positions a toggle switch on the AFCS control panel accord- 
ingly. Whether the heading or the bank attitude of the 
aircraft is maintained, is determined auromatically by the 
AFCS. If the aircraft wings are within five degrees of level, 
the AFCS will maintain the heading flown when the AFCS 
was engaged. If che aircraft's bank angle is more than five 
degrees, che AFCS will maintain the bank attitude present 
when the AFCS was engaged. 

When the aircraft heading is being maintained by che 
AFCS, the pilot can introduce changes in the heading refer- 
ence to be maintained. A cockpit control permits the pilot 
to accomplish this without disengaging the AFCS. 

When pitch and/or bank attitude is being maintained 
by the AFCS, the pilot can cause the aircraft to assume a 
new attitude, without disengaging the AFCS, by actuating 
a control on the flight stick. This causes che aircraft co turn 
in the direction che contro! is pushed. Upon release of this 
control, the new attitude will be retained. Thé same control 
may be used as a force {тїт on the flight stick when the 
AFCS is disengaged. 


Landing Approach Mode 


The AFCS provides a landing approach mode to steer 
the aircraft automatically along the instrument landing sys- 
tem (ILS)? localizer/glide-slope flight path, down to ап 
altitude of approximately 50 feer above the runway. The 
landing approach mode is operative at altitudes below ap- 
proximately 2000 feet above the landing strip and in the 
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speed region from 180 knots to stall. Bank angle limiting 
is provided throughout the: approach. The bank limit auto- 
matically decreases after the glide-slope beam is entered. 

An AILS landing is made in four phases. (See Figure 
2.) The operations performed in each phase are described 
below. 

Phase 1. Іп this phase, «һе aircraft enters the localizer 
beam. The pilot first prepares for normal ILS operation, 
manually steers the aircraft into the localizer entrance area" 
while descending to the appropriate ground clearance alti- 
cude for glide-slope beam interception (approximately 1500 
feet), sets che runway heading into the system and, when 
localizer signals are received, switches the AFCS го the land. 
ing approach mode. At this time, Phase II begins. 

Phase 11, In this phase, the aircraft is automatically 
steéred to the center of the landing strip localizer beam 
while the AFCS automatically holds the aircraft altitude at 
the altitude the aircraft was in when the landing approach 
mode was engaged, until che glide-slope beam is intercepted. 
The localizer course deviation (determined from the local- 
izer beam signal) and the heading error signal (difference 
berween the compass heading and the runway heading set 
into the system by the pilot) combine to give a horizontal 
steering signal which steers out lateral errors rapidly, wich- 
out excessive overshoot. Phase II lasts until the glide-slope 
beam is intercepted.” 

Phase Ш. During this phase, the aircrafr is aucomati- 
cally guided down the glide path. When glide-slope signals 
are received, the AFCS is automatically switched to utilize 
glide-slope course deviation signals for vertical steering, in 
place of pressure altitude signals which served to maintain 
altitude. The AFCS steers the aircraft along the center of 
the localizer beam and down the glide-slope beam to an 
altitude of approximately 50 feet above the runway. 

Phase IV. In this phase, flare-out and touchdown are 
accomplished manually by the pilor. 


Simplified Functional Description 


The functional block diagrams for the three modes of 
AFCS operation will now be presented. 


Attack Mode 


The principal functional elements of the AFCS in the 
attack mode are illustrated in the simplified block diagram. 
(See Figure 3.) The solid-line boxes represent AFCS ele- 
ments; the broken-line boxes represent other units with 
which the AFCS functions, 


?For the reader who is. unfamiliar with ILS, a brief description 
is provided at che end of the chapter. 


"Localizer entrance can be made from within a circle of four 
miles radius, centered fifteen miles from the approach end of the 
runway, along the extended runway centerline, without exceeding 
bank angle limitations. 


*An interlock is provided to avoid Phase ПІ unless Phase П 
has been accomplished. 
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As shown in Figure 1, the azimuth and elevation 
steering signals, which the AFCS receives from the MG-10 
radar and computing subsystem, essentially call for lateral 
and normal accelerations (in the plane of the interceptor's 
wings, and normal то the wings, respectively). The steering 
signals are proportional to the required accelerations. The 
basic operation of све AFCS is to combine the steering 
signals with signals proportional to the measured lateral and 
normal accelerations? and turning rates of rhe aircraft in 
such а way as to produce elevon-deflection command signals 
that will turn the aircraft toward the computed lead-collision 
course, rapidly and stably. The elevons are moved in re- 
sponse to these signals by hydraulically operated actuators. 
(See Figure 4.) 

Following are some of the items which give che system 
rapid, accurate, and stable response during the attack mode: 
(1) Im the lateral channel a roll-rate signal is subtracted 
from the lateral acceleration error signal This makes for 
a faster acting, more stable servo loop chan would be pos- 
sible were the roll-rate signa) omitted. 

(2) The azimuth steering angle signal from the Universal 
Computer is limited. in order to limit che aircraft's bank 
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angle and therefore irs maximum turning rate. (3) A shap- 
ing network at the output of the longitudinal channel is 
used to obtain the desired stability characteristics. (4) In 
each channel an integrating circuit is connected between the 
input and output to correct for trim changes during attack 
and to overcome small bias errors which may exist in AFCS 
or damper circuitry. (5) At che inputs to both channels 
"fade-in" circuits make entry into the attack mode smoother 
by atrenuating the steering signals from the Universal Com- 
purer until che computer transients have died our. 
Automatic limiting of lift acceleration command is 
provided so that maneuvers governed by the AFCS cannot 
exceed either (һе structural limit of the airframe or the stall 
limit, taking into account the interceptor's speed and pres- 
sure altitude, When the required lift acceleration exceeds 
the maximum allowable lift acceleration for the particular 
flight conditions, the lift acceleration command is limited 
to che maximum value allowed for these conditions, This 


“For the reader who is unfamiliar with the kinematics of flight, 
the measurement of the acceleration of an aircraft 15 discussed at the 
end of this chapter. 
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THE AIRCRAFT ENTERS THE LOCALIZER BEAN 
FLYING LEVEL AT ABOUT 1500 FEET AND 1$ 
FIRST CENTERED ON THE LOCALIZER BEAM. 
WHEN THE AIRCRAFT INTERCEPTS THE GLIDE 
PATH BEAM IT IS THEN CENTERED ON THE 

GLIDE PATH NULL PLANE AND FLOWN DOWN حر‎ 
THIS BEAM. M Y 
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PHASE 1. ENTERING THE AIRCRAFT INTO THE LANDING BEAM. 

PHASE 2. CENTERING THE AIRCRAFT IN THE LANDING STRIP | PERFORMED AUTOMATICALLY 
| LOCALIZER BEAM. IN LANDING APPROACH 

PHASE 3. GUIDING THE AIRCRAFT DOWN THE GLIDE PATH. MODE OF THE AFCS. 


PHASE 4. GUIDING THE AIRCRAFT OFF THE GLIDE PATH INTO 
THE LANDING FLARE AND LANDING THE AIRCRAFT. 


Fig. 2. The four phases of an ILS landing. 
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Fig. 3. Simplified funciional block diagram of the AFCS attack mode. 
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Fig. 4. Simplified block diagram of the aircraft damping system. 
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is accomplished as follows: A maximum allowable normal 
acceleration signal is obtained from the radar and comput- 
ing subsystem. This signal is derived from the dynamic 
air pressure, which depends on both interceptor speed and 
pressure altitude. Whenever the lift acceleration called 
for exceeds the maximum positive or negative value 
allowed, a coincidence circuit energizes a relay which 
switches the inputs, as shown ‘in Figure 3, from the nor- 
mal-acceleration-required signal to che maximum-allowable- 
acceleration signal. 


Pilot Assisi Mode 


The principal functional elements of che AFCS in the 
pilot assist mode are illustrated in the simplified block dia- 


gram. (See Figure 5.) The solid-line boxes represent AFCS. 


eleménts; the broken-line boxes represent other units with 
which the AFCS functions. Reference to the diagram shows 
that either pitch or altitude (longitudinal channel)^ and 
екрег heading or bank attitude (roll channel) can be 
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CORRECTION г, 
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maintained. 

When the AFCS is in the pilot assist mode, attitude 
and/or altitude and/or heading errors are used by the AFCS 
to produce the aircraft contro! commands so as to reduce 
the error signal to zero. Аз in the attack mode, automatic 
limiting of normal acceleration is provided. ( For simplicity, 
the aucomatic-limiting circuitry, which is shown in the at- 
tack mode block diagram, is omirted from the pilot assist 
mode block diagram. ) 

When the pilot chooses to maintain altitude by select- 
ing the altitude hold position of che switch, the barometric 
altitude control unit is engaged. This unit produces a voltage 
proportional to changes in static pressure from the prevail- 
ing static pressure when the unit was engaged. The voltage 
is used as an altitude error signal. Proper damping is ob- 


"This nomenclature is chosen since, in addition to controlling 
the acceleration normal to the plane of the wings, this channel con- 
trols the aircraft's longitudinal acceleration. 


tained by combining this signal with a rare-of-change-of- 
altitude signal and a signal proportional to the aircraft's 
vertical acceleration.’ ( As shown in Figure 13, the measured 
life acceleration must be equal to g sec ¢ when the aircraft 
is not accelerating in a direcrion perpendicular to the hori- 
zon.) An integrator is used to eliminate standoff-altitude 
error. 

Pitch hold is accomplished by using as an error signal 
the sine of the difference between the aircrafr's pitch atti- 
tude and the pitch attitude prevailing when the AFCS was 
engaged. As in altitude hold, a signal proportional to the 
vertical acceleration is used for damping." The manipulatión 
of the control stick trim switch permits rhe pilot to alter 
the pitch attitude while in pitch hold, without disengaging 


"The rate of change of altitude signal is used for long period 
damping while the vertical acceleration signal is used for shore 
period damping. 

“When a pitch angle, 8, exists, the acceleration perpendicular 
to the horizon is L — в sec ф sec 8. However, for the small pitch 
angles involved, sec ф is essentially unity. 
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the АЕС$. Upon release of this switch, the attitude thus 
established will be maintained.. - 

Heading hold is accomplished by using as an error 
signal the sine of the difference between the present read- 
ing of che flux-gate compass and the compass reading when 
the AFCS was engaged. Signals proportional to the bank 
angle and a roll-rate signal provide damping. A flight stick 
control permits alterations of the heading while in heading 
hold. Heading error inpur signals аге limited in such a 
fashion as co limit che resulting bank angles co 2-30 degrees 
to produce gentle turns. 

Bank atritude hold is accomplished by using as an error 
signal, the sine of the difference between che present bank 
attitude and the bank attitude when the AFCS was engaged. 
A signal proportional со the rate of change of bank attitude- 
roll rate — is used for damping. Manipulation of the con- 
trol stick crim switch permits the pilot to adjust the bank 
attitude while in bank attitude hold, without disengaging 
the AFCS. . 
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Fig. 6. Simplified functional block diagram of AFCS landing approach mode. 
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Landing Approach Mode 


The principal functional elements of the AFCS іп the 
landing approach mode are illustrated in the simplified 
block diagram. (See Figure 6.) The solid-line boxes repre- 
sent AFCS elements; the broken-line boxes represent other 
units with which the AFCS functions. (Although пог in- 
dicated in this diagram, g-limiting is incorporated in the 
system as shown in the functional block diagram of the 
attack mode.) 

Switches are shown tn position I, che position they are 
in prior co glide-slope beam interception. As the glide-slope 
beam null is approached, the switches are automatically set 
to position П. 

Essentially, the AFCS in the landing approach mode 
converts the lateral and vertical angle-off-course signals 
(from che localizer and glide-slope receivers, respectively ) 
into asymmetric and symmetric elevon-deflection command 
signals which cause the aircraft control surface to move so 
as (0 keep the airplane on the correct landing approach 
course." 


Prior to Interception of Glide-Slope Beam Null — Prior со 
the time that che aircraft starts down the glide-slope beam, 
the AFCS maintains the aircraft altitude (as described for 
the alticude-hold position of the pilot assist mode). At che 
samé time, lateral errors with respect го the extended center 
line of the runway are eliminated in the following manner: 

The primary horizontal position error input to the 
lateral channel of the AFCS is the output of the localizer 
receiver. The localizer signal is proportional to В (the lat- 
eral angle-off-course from the extended center line of the 
runway) in the linear portion of che localizer beam (|| 
less than 2.5 degrees) and roughly constant in the saturated 
región of the beam (at signal level for 8 — 2.5 degrees). 
In order to avoid ambiguous signals from the fluctuations 
of rhe signal strength in the saturated portion of the local- 
izer beam, the signal from the localizer receiver is limited 
to that value produced by a 2.5 degree error. 

From the limiter, the lateral angle-off-course signal is 
sent to a variable gain circuit. (Prior го glide-slope opera- 
tion, the gain of rhis circuit is constant.) 

At the output of the variable gain circuit, a subtracting 
network then combines the lateral angle-off-course signal 
with a heading error signal, sin ye. As shown in Figure 7, 
the heading error signal (which is the sine of che angle 
between the present heading of the aircraft and the runway 
heading set by the pilot into the course indicator) is propor- 
tional to the rate of change of the lateral distance-off-course; 
this signal provides damping and directional stability to the 
AFCS. The output of the subtracting network is limited to 


. PPrior to interception of glide slope, the AFCS maintains the 
aircraft at a constant altimde in response to altitude error signals 
which it receives in place of verrical angle-off-course signals. 
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Fig. 7. Relation between heading error signal (зїп) and 
rate of change of lateral distance off course. 


a value that permits a maximum bank angle of 30 degrees 
in order to give gentle turns. 

To provide required damping terms, signals propor- 
tional to both che bank angle of the aircraft and the aircraft 
roll rate are combined with the output of che limiter. The 
resulting signal is used to deflect the control surfaces of 
tne aircraft. 

Upon reaching a range to touchdown of about 35,000 
feet while flying at an altitude of 1500 feet above the run- 
way, the aircraft will intercept the null plane of the glide- 
path radiation pattern. During the preceding phase, the 
glide-slope receiver will have monitored the glide signal. 
When che glide-slope signal plus a signal proportional to 
the rate of change of the glide signal reach zero, a coinci- 
dence circuit operates, setting che switches to position II. 
In effect, the rate of change of che glide signal provides an 
anticipatory command signal so that the aircraft does not 
overshoot the glide-slope null plane. А safety feature is in- 
cluded to prevent the aircraft from attempting to follow 
the glide-slope signals except under proper entrance con- 
ditions. Unless the aircraft is in the unsaturated portion of 
the localizer beam at the time the glide-slope beam is inter- 
cepted, the coincidence circuit will not operate and the air- 
craft will continue to fly at a constant altitude. 


Fig. 8. Relation between vertical distance and angle off 
course. 
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After Interception of Glide-Slope Beam Null — After the 
coincidence circuit operates, the glide-path signal replaces 
che altitude-error signal at che input of the AFCS longitu- 
dinal channel. The gain of che lateral channel is now varied 
to maintain an approximately constant system gain, inde- 
pendent of range to touchdown." 

As shown in Figure 8, che vertical distance-off-course 
is approximately equal to the vertical angle-off-course, w, 
multiplied by the range to the glide-slope transmitter. Since 
the aircraft flies down the glide-slope beam at a constant 
angle ( —2 degrees to —4 degrees), the range (о the glide- 
slope transmitter at any point is proportional to the aircraft's 
altitude at that point. Hence, if the vertical angle-off-course 
signal is multiplied by a quantity proportional to the air- 
craft's altitude, the resulting signal will be proportional to 
the vertical distance-off-course. 

A variable gain circuit converts the vertical angle-off- 
course signal from the glide-slope receiver to a signal pro- 
portional to the vertical distance-off-course. The gain-control 
potentiometer is servoed by che barometric altitude. control 
unit in such a manner that, as the aircraft descends the glide 
path, che gain is continuously reduced by a fraction equal 
to the range to the glide-slope transmitter divided by the 
range to the transmitter when. the aircraft intercepts the 
null of the glide-path beam. (The gain of the circuit de- 
creases from unity, when the aircraft is at ап altitude of 
1500 feet, to 1/30, when che aircraft is about 50 feet above 
the runway.) 

The difference becween the measured vertical accelera- 
tion (L— g sec $) and the vertical distance-off-course 
signal plus its rate of change"! gives one component of rhe 
symmetric-elevon-deflection command (request-for-elevator- 
motion) signal. Another component ts needed since the 
vertical acceleracion signal would be balanced by che verti- 


As the range to touchdown decreases, a given distance-off- 
course results in an increasingly larger angle-off-course. If the accel- 
eration error signal were made directly proportional to the angle- 
off-course signal, and if the servo loop gain were optimized for a 
large range to touchdown, the servo loop would oscillate as the 
range to touchdown decreased. 


cal distance-off-course signal at some plane offset from the 
glide-slope null plane and the aircraft would tend to fly 
down а path offset from the true glide path. In order to 
ргеуейс this an integrating circuit is used to assure thar the 
glide-slope error is maintained zero. The output of the inte- 
grating circuit also contains a signal proportional to the rate 
of change of the vertical distance-off-course (derived from 
the integral of the measured vertical acceleration) to pro- 
vide a necessary damping term. 

After the coincidence circuit operates, three changes 
occur in che lateral channel: 

First, che lateral angle-off-course signal is converted to 
a lateral distance-off-course signal (see Figure 6) by means 
of а variable-gain circuit. The operation is similar to chat 
described for the variable-gain circuit in the pitch channel 
except that the gain of the circuit in the.roll channel varies 
from unity to 1/8, the sarne ratio as variation in distance 
to the localizer transmitter. 

Second, the maximum permitted bank angle is reduced 
from 30 degrees to 15 degrees. During this phase, che air- 
plane is expected to fly nearly a straight path; consequently, 
horizonral turning signals are limited so that the bank angle 
does not exceed 15 degrees. 

Third, a low-speed integrating circuit is inserted be- 
tween the output of the variable-gain circuit and the output 
of the AFCS roll channel, This is done because crosswinds 
ог errors in the setting of the flux-gate compass would result 
in the aircraft's approaching a path offset from the 8 null 
plane since the signal from this heading error would be bal- 
anced by a signal from the localizer receiver. Therefore, the 
aircraft would tend to fly in along a line of constant В + 0 
rather than a line of В = 0. (Since the presence of the head- 
ing error term adds to the stability of che system, it is left in 
with doubled gain.) The use of the slow-speed integrating 
circuit, however, reduces the "stand-off" error to zero. 


11The rate of change of the vertical distance-off-course signal 
provides damping. 


APPENDIX | 


A BRIEF DESCRIPTION OF ILS 


The function of ILS is to provide the pilot with a 
means of following a predetermined, precise pathway down 
to the runway in all kinds of weather, Normally, the actual 
touchdown. is made visually after the system. has brought 
the airplane into the correct position to complete a landing. 

The essential ground elements öf the ILS are (1) а 
localizer radio course to furnish lateral guidance to the run- 
way, (2) a glide-slopé radio course го furnish vertical guid- 
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ance down the correct angle of descent to the runway, апа 


(3) marker beacons to provide accurate position indications 
along the localizer path. Airborne components of the ILS 
are (1) receivers tuned to the localizer, glide-slope, and 
marker beacon frequencies, (2) a cross-pointer indicator 
(activated by thé outputs of the localizer and glide-slope 
receivers) to provide the pilot with visual steering infor- 
mation, and (3) visual indicators (activated by che output 
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of the beacon receiver) to provide the pilot with an indica- 
tion when the aircraft passes over a marker beacon. 

On the ground, a localizer unit, operating at approxi- 
mately 110 mc, provides a directional pattern (See Figure 
9) along che center line of the runway such thar the beam 
on one side of the runway center line contains 90-cycle 
modulation while the beam on the other side contains 
150-cycle modulation. The signal received by the localizer 
receiver in rhe aircraft contains the two modulation fre- 
quencies, each has a relative intensity determined by the 
lateral position of rhe aircraft with respect to the center line 
of the runway. The on-course path is the line of equisignal 
between the modulation on the two sides; that is, along the 
runway center line. Similarly, a glide-slope unit, operating 
at approximately 330 mc, provides a directional pattern 
(See Figure 10) along the correct line of descent to che 
runway. 

The cross-pointer indicator is actuated by the localizer 
and glide-slope signals. The localizer pointer is pivoted at 
the top of the indicator and swings left and right. The 
glide-slope pointer is pivoted at the left side of the indicator 


Fig. 9. Localizer beam geometry plan view (not to scale). 
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Fig. 10. Glide slope beam geometry profile view (not to 
scale). 


and swings up and down. The localizer (vertical) pointer 
indicates, by deflection, when the airplane is to one or the 
other side of the equisignal course. The glide-slope (hori- 
zontal) pointer indicates, by deflection, the position of the 
airplane with respect to che glide path. 

In making an instrument landing approach, che pilot 
must first enter che aircraft into the localizer beam. Inter- 
ception of che localizer beam is normally made at a distance 
of approximately 15 miles from the point of touchdown. 
The pilot descends to an altitude of about 1500 feet and 
steers the aircraft (flies to keep localizer pointer centered) 
to eliminate lateral errors with respect to the extended run- 
way center line. Approaching at a terrain clearance altitude 
of 1500 feer, the airplane will intercept the glide-slope beam 
at a distance of about 6% miles from the point of touch- 
down. When the glide-slope beam is intercepted, (һе pilot 
flies the aircraft down the glide path, using the glide-slope 
beam to guide his descent, by steering to keep the vertical 
pointer (as well as the horizontal pointer) centered. Аг 
about 1⁄4 mile from touchdown, and approximately 50 feet 
above the runway, the pilot normally carries out the re- 
mainder of the landing visually. 


APPENDIX Il 


FOR THOSE UNFAMILIAR WITH THE DYNAMICS OF FLIGHT 


To assist che reader in understanding che operation of 
the MG-10 automatic flight control subsystem, an elemen: 
tary discussion of some of the dynamics of flight is pre- 
sented below. 

An airplane is acted upon by а number of forces and 
torques, which are functions of aircraft attitude, control 
surface deflections, lift, chrust, drag, and gravity. However, 
in the steady state, the predominant forces acting to change 
the flight path of the aircraft are the lift force and rhe 
force of gravity. 

The lift force causes the aircraft to have a component 


of ассе[егасіоп (L), called the lift acceleration, normal со 
the wings. The force of gravity causes the aircraft го have 
a component of acceleration (g), called the acceleration of 
gravity, normal ro the earth's surface. The vector sum of 
these two components is the resultant normal acceleration 
(ax). (See Figure 11.) This acceleration describes the rate 
and direction of change of the flight path. 

Since the purpose of an automatic flight control system 
is to control an aircraft's flight path, the measurement of 
ax in one form or another is logically an important part of 
its operation. In the case of the MG-10 AFCS, it is con- 


71 


venient to resolve the acceleration ay into components 
which are perpendicular and parallel to che wings, а, and 
aw respectively. These components are determined from the 
outputs of a lift accelerometer'?, which measures the lift 
acceleration, L, and a vertical gyro, which measures the 
sine and cosine (also the secant) of the bank angle. (See 
Figure 12.) In the pilot assist mode of the AFCS, the 
vertical component of ay (av) is of interest. The deter- 
mination of this component is illustrated in Figure 13. 


12Тре lift accelerometer is an instrument which produces an 
output proportional to the component along the lift axis of the 
vector sum of the force ОҒ gravity and che reactive force of the 
aircraft's acceleration. Irs operation is similar to that of a mass sus- 
pended on a spring and constrained to move only along the life, 
axis. In this somewhat crude model, che mass is acted on by both 
the force of gravity and the reactive force of the aircraft's accelera- 
tion and causes the spring to stretch. The stretching of the spring is 
proportional to ax — g cos $. 


се RESU ULTANT: NORMAL. ` 
` ACCELERATION IN DIRECTION, 
‚ OF LIET ек С. В 


dy? RESULTANT ‘NORMAL i 
ACCELERATION ' PARALLEL. 
` TO; THE WINGS . ди 


Fig. 12. Resultant normal acceleration perpendicular and 
parallel to the wings. 
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Resultant normal acceleration from lift and 
gravity. 


Fig. 13. Vertical component of resullant normal 
acceleration. 
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mining conponent locations in the airplane. 


а Lighting Mookup of the soekpit.,‏ نمی مو عمرت 
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Қоса; The following state GA supercedes and ғәрінгеш the requlra~ 
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mmes hoan ір Coat Proposat Outline Serial Roo 52=322 
Paragraph 8.65 


CWA to gonduat а Radome Davelopnent Pragram бо the end thas 
eu table Radenes may be proonred in advance gf Rademed beim 
devoilogpeü by Hughes Aireraft, 


(а) Convaie will provide the Structural Design, conduct erosion 
and enti-icing Seats, and prosure the Produstion Ев отока 


(b) Tt Ye intended that Hughes continuus with the дете? трона 
af в Radome to the requirements of the МА-1170 бував ہد‎ 
When Hughes achieves this objective the Hughes Radome wild 
гөріпсе the СУАС Rademus. 


Design end aematrust &uteruxe for & anal) soale anû full sosis 
dav gî ореол program, This is tc inolude ocastructlon of meow- 
une of appropriate cections of the Airpiana, 1% ig intended 
thal antenmas be supplied as G.P Es, елшер% those developoád 
by СТАС, end that facilities for final develepment testing be 
available at the Contrecstor’a Plant. 


СТАС furmished AR RBA Aras 


ма Rang е АҢ/АНН-Ш; DP $95 

ЗЕР Command Antennas Syoten АВ/АНО-ЗЬ,. 

Олай X Band ТЕР (Veeigmed concurrent with UBF) 
Glide Path AN/ARR-18 

AR/APK-Ó YPF and АҢ/АКИ-21рМЕ Antennas System. 
Marker Beason AN/ARH-12, 
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Ға) NG<% Radar and K Bond Intorogetion Arteara (Bughes ) 
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СОВЕТУ INFORMATION 
? May 1455 


NA Revised Щ Маб 1955 
| vised T. August 195 


\ "Revised 16бер%! 53 
Че ар Алболдаз Indissted with Asterisk (^) aro ene Sam 
hese included За Cost Proposal Serial Ne, 52153, 


2%. os Таз sta 


Afi ties! Taoting as may bs sequired due to shanges or modifi ations 


безет ару Por the Hughes МО») Е вагоні оя inatellation will be 
aeansueted gtilizing the tast stends and faellities set up vadar 
“6% ГрароваЪ Outlines Serial Ма. 52-1-3. 


5упбат Tout Faoiliuy‏ عم اع ملا 


Maskuy and test the complete Еаз ова Power System, und өшу 
spewiel gireuilt& ва required by the Зас са requirements of ine 
Airplane, ja the Eleutries? Toast Facility set up under Cost Proposal 
е Зла Serial Ne, Od uk ob. 


Св із Pressurizstion and Heating and Ventilatine System Теп? Stand 


ылы and test the somplete cabin pressurisation and heating айй 
anti sting syéten ou a tost stand. The test stand and facility 

dps ир under Севт Proposa! Outline Serdal Ne. 52-1-5 may 5e modifisd 
fer this tonat, 


Masellansens Testa 
Conduet miseslianecun Developmental, Strustural, Material and 
Systems Toste over and above specific testa listed above on required 
und af. Contractor's diasretion. 


Сопзбта Дед оғ Аі ері anen 


(i) Deloso raguirencates for Hughes MX.l117g Biestronis Pire Contro? 
System and subsuituting in lieu thereof «smmumisationg апа 
зае св оп equipuent and proviolous for Hughes М2-5 Fire 
Control Syotem ov hbserotb-AsSophes-Nunbene-5eyoShcssden8 
Gogen al} Р-102А віғоғаР% parium: with AF Serial Nubes 53 
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(e) Instal)atione _in Hose equipment Sestion (Sta. 122 
Forward ) 


uj Tastaijations їп Noso Wheel Weli 
га) Cockpit Elgotronieg installation 


t4) lusta.latlom of АР: Blevtronies Rack 


26) Ingtai Stable Platters RE-120/aRa-25 and other sisce!laaev.d 


1 میق ج2‎ реда Та Area adjaeam to Aft Raok (Fuso!aga 
Sta, 152 «о 217) 


ОЛЕГ INFORMATION 


Serial No, 52-1-9 


sre PUT Ч 9 И —- k N [© Ш д За АР” 
SECURITY INFORMATION Page 5 
7 Е i 7 May 1955 
Jo а) (f) Install Missile Auxiliary Components in Missile Ваузу Петі себ 3h Hay 1998. 
| (g) Install Impact Switch ЗА-ЗА/А in Center Aft Missile На Revised 4 Aug. 1953 
(Approximate Sta. 103 i i а, 


sCONVAIR, SD 


(h) Install Accelerometers- (Sta. 403 above Wheel Well) 


(4) Install Air to Air IFF Transponder Components 
(j) Install DA E/TFF Antenna in Upper Fuselage Sta. 280, 


(x) Install Marker Beacon Antenna іп L.H. Center Missile 


Bay Door Approximate Sta. 255 
(1) Install Tail Cap Antenna (ОНР, OMNI Loop, ІРР) 


(n) Install ТРЕ Waveguide and Antenna Coax. Cables in Upper Fin 


(В) Install ІРР Waveguide and Antenna Coax. Cables in Lower Fin 


(2) Install IFP Waveguide and Antenna Conxo Cables in Fuselage 


(p) Install Terminal Splice Panels 


(а) Install - Connecters and Fairleads 


(ғ) Install Prrv-Portroit, Communication and Navigation Systema and provisions 
"Por M4 fire Control System. © 
(1) AN/ARC-3h, AN/ARA-25 
(2) AN/AIC-18 а 
(3) AN/ARN-12 ` a. # Š 
(l) AN/ARN-Ly ` Е | 
(5) AN ARN-18 ^ | 
(6) AN/ARN-21 “(Space апа weight provisions only) 
(7) AN/APK<6 и 2. ۲ | 
(8) зъл (Part of М3). ہے‎ | 
(9) . Fire Control Systen us بی‎ agian ii ee die anon gia 


(2) Doleto requirements Por Бона MeN Vlastemiag Mre Contes Svat са 
on Pratetyss Ategraft, (YP-3W02) АР Serial Koso 52-7995 вай 50279956 
fete: Inetaliletion ӨР рибни communierticn and navigation equi pact бш 


those alpplanca is to за queued segarately under БОР ФОҒАЗ-Р102-00 
as довег Бей In Cost Proposal Outline Serial 15251-20. 


Ko Pilot Assist Installation 


(a) Design for installation of the ecaponente of tho Minneapolis 
Honeywell Pilot Rolief (Simpl?fied Auto-Pilot ) function. 
(b) Design to include furnishing of neseseary brackets, wiring and ` 
` ` power supply. 
(e) Effeotivity willl be for No. 2 (ЎГ-102) Prototype & Р-102А 
Airplanes. - (Wislag-srerieiensand.opaeceponsielona-onig 
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Revised 4 August 1953‏ 
ГВС OR 195‏ ای جوجمد جومد چ ے میں — — .پر 
Е Jat. $725 ç‏ | مر ور می شس 5 ынаан‏ 
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Morea HINTS чалыы ен | 7‏ = س و 
(á) The Загоров will be Contractor furnished and installed.‏ 
рем Б a eae ee podio ere на E E ЫШЫ,‏ 


A. Experimenta] (Prototype) Program 


1. ALL drewings to be in secordanes with epesificatione MIL-D-GhBO 
and MIt-D-5h802 insluding next agsanbly breakdown. 


2. Minimum Lofting aa required for Beperimental Tooling to be prepared 
aud maintained for iater use in connection with the Preduction 
p? окай 


В. Wire Harness and Tubing installation drawings are not Фо be provided 
for the Prototype Airplanes, 


ho Data and analyses are to be submitted ag may be applicable in 
acvordeuce with present Contrast reout rement ga 


ы 


a 


Weight Control Program to be maintained by the Engineering Weights 
Group. 


В. Design for Follew-sn Produstion Program 


i. Prototype drewluge to be used exospt whore minor changess are 
пезвавагу for Produation and/or whare годе ра Фо provide for 
airplana produstion @ 125 month ja required. 


en Lorting for Prototype &lrpisenos to be expanded to provide somplets 
lines, assenbly fixture and tooling layouts ош glass clothes Giers 
cloth master layouts to show all hole locations, rivet patterns, әле flat 
pütitarms. “Templates to bo futrieatod from Repradusti ons و‎ 
5. Complete Wire Harness and Tubing, Inetalletion Drawings (Isometrios) 
are Фо he preparado 


4. Stree Reporte and other Tashnival Data prepared for Prototype Airplanes 
te be revised aa required by Production changes. 


So Handbooks Бо be supplied in aseardance with present Contrast require - 
тей» 


Фо Weigh? Sentrol Program te be maisbained by Engineering Welghta Group, 
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Revieod 4 August 1953 
7 | y May 1993 
Uu. ТҮРЕ ОР TuoL'RO PROPOSED Revisoi Ш Kay 1955 


te be bolit іп the Experimental Shop, 

Пс Produetion Тәсізле, ав required for s Predustion rate cf three 7%) 
Airp anas por month is to be provided. Insofar ay practicable, 
Tooling (Jiga, Dies, Fixtures, Pte.) shall be of the type and 
quality required for efficient produetion at а pradustion rate of 
ena hundred and twenty-five (125) airplanes per month for a minimus 
регізӛ of two years om а two shift forty hour wort wook, 

ET ТҮРА 7 ПР JA RURACTURE PROPOSED 


A.  Éxperimentel Factory Же construet wre (2) Protetype Test Airplanes, 


B. Produetion Program same ав present Contract, 


ato ТҮРЕ GF FLIGHT PROGRAM PROPOSED: 
То be separately negotiated, (See Cest Proposal Outline, Serisi 
No. 52 2-1-8 ) е 

DELIVERY AND SHIPPING INSTRUCTIONS;‏ ہی 


Хо be determined by Contracts Department. 


ate MAJOR PURCHASED ITEMS REQUIRED; 


То be determined from Detail Work Statement, Paragraph B. 


з» CAPITAL FACILITIES REQUIRED: 


Requirenexts te bo determined by Departments oonsernod, 

Notes Engineering Groups and Experimental to provide s separetu 
iist of Capital Faellities required, or statement if none 
are needed, 

"<  RATLED EQUIPMENT REQUIRED: 


Reguirameagto to be determined ty Departments concerned. 


Ae Му то fsperinertal Tooling for two (2) Prototype xneviged 16 Sapt. 1953 
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Revised als May 3955 
. PPOPGSE PROGRAM SCREDULE: 


devise it 1362‏ وی 
VEMM 15 BB‏ | دع 
Fnginaering t2 be released 2 moxths after гесе е of ГАТ 7‏ 
data Грош Плазо БР ае? ута on YF-102 Modele from AF барта" N24, 52-‏ 
Y, and 528-7355, and FejODA Airplanes АҒ Serial Ne. GRIT F ard on.‏ 7 


‘a ArMLICARLE SPECIFICATIONS OR DESCRIPTIVE DATA AVAILABLE FOR ESTIMATING 
p PURPOSES Қ 5 E ^" یت‎ a 


АД anal Теѓогвљёј on may Бе obthined from Бар ест ug Departinent о 


(o MHATREERING COORDINATOR ASSIGNED, ә М. Henphili PHONE RO, 2580 


TE arms ттр à MIT cmn HED Mar ima arr S ARI دم‎ 


(22 SCHEDULE FOR DEPARTGENTAL COST ESTIMATES AND DATA TO BE SUBMITTED TO 
SPINA TING DEPARTMENT Ite бе supplied by Estimating Department oF 
ву та at in proposal meeting) 


Prepared Uy: 


٢طا‎ DEP Td ENGINESRING PLANNING AND ۳۸ز‎ 7 
геу {See Attashed Знам) 


INPORMATIO dod 


а аа а а ааа ЕНГЕННЕН‏ ٤٤ي‏ واج ТЕР 22472] 3 224515 H š Я ЕТТЕР‏ ج3 74ہ ہ224 
нее ВЕН Е ааа‏ ےچ کے کو ہے چک ا کا کا چک کے کے کے ا کا کے کے چک کے کے ہچ چا Я ааа 2525 УТ; а чан‏ 
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Withee (2) 


Коренев (3) 
o'Hare (5) 
Боотеғ (5) 
Shite (2) 


Truas 
Shisk 
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SUMMARY ОР CHANGES 
ECP's ДСА 02-7 and //CAC-F102-20 * Revised 15 Sept. 1953 
CCH Ho. Cost Proposal Outlines Description CGN Effectivity 
№. Paras 
R-8¿801(3) 52-19 8 J(2) Delete MX-1179 System 


Install.Provisions for М3-3 System 2 77-2 
& Associated ICN Equipment 


CON #н.-87568(16) 7. 


\.85718(7) 52-9 8 J(1) See Note (1) 7-- 2 ҮР-102 53-799! | 


Ола nip рер Шер ве ammr чїкє Pete qn. و‎ 7n. Sh «Біл am зш РАО. murum, بک یب کت رت‎ 


| Cancelled " 
E-87460(12 : Install Pilot Assist System 2 YF-102 522 7994, 
40 ۶-4 12779. — — ) 7 * 


Install Minimum Communication 6 _ 2 ҮР-102 09-24 
(1) Navigation Equipment i-P-1024-——— ——— Peeve (6) - я 


Fire Control System and related eee 
* .(2)-Provieions-far-Mi—-3-on-this-aizp! j»-0onsict of uirins.enly. 
(3) No provisions nor installation in No. 1 Prototype. 
s (l-Huisins-end-cpsce-provisions-only-in-!5. 1—P»oduotion. 
е Ы ete-provisions- only im os 2 Productions 
ТҮЗ —inmndinz; Commnieation;-and Navigation {provisions} ir 53-1765 


* Cost Proposal Cutline Revision 17 September 1953 requires modification of CON #К„57568(16) 


ESTIMATING DEPT. #9-5 
18 August 1953 
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FROM: ` 


SUBJECT: 


2o 


C ON-AIR, | 
A Division of General. Dynamics, Corporation 
(San Diego) 


Lə Бо Otten/W; D. Dantel 
Go Es Putness EL mE 


Disposition of Furnishing Group Request. for Cockpit Instrumentation 
‘in F-102A S/N 53-1794 


ENCLOSURE: . A, Furnishing Group Flight Test Request for Added Instrumentation for 


Operation Trumpet (4 copies) К 
(Haud cariad % Danielo 100 ст 


I. Е, Fo T. has reviewed Enclosure А. and recommends the request be rejected. 


IX. This recommendation is based upon the following considerations: | 


Data requested has probably been obtained from previous nuclear tests. It 
18 suggested that the Naval Radiological Defense Laborstory їп San ` 
Francisco be contacted as a source of information. Mr. Richard Day of 
NRDL, (Mission 8-6900, Ext. 218) has participated in tests involving data 5 
of the tpe being requested. 


WOLSS-3 has advised that a 07-80 is in existance covering the necessary 
design parameters. 


чоп. is: not Santen MAMY obligated to develop a production type 


No funds are available to procure and install the 200855887 instrümentation. 


ЕРТ-І has provided the following cost and schedule ‘estimates 007 
to fulfill Enclosure А, 
(a) حم مہ‎ ТОКЕ development time 2 man months 


(b) Engineering installation & calibration procedure. 1 man month 


(с) Totalt labor cost estimate $ 5,000.00 

(d) Procurement of 3 amplifiers . 4200,00 

(e) Procürement'of 3° sub carrier oscillators 900.00 

(f) Procurement of photo tube housing with filters to E 
mátch.human eye frequency spectrum 300.00 

(=) Procurement. of Model ХХ calorimeter (assume по cost 00.00 

loan from Naval Radiological Defense Laboratories) _ £ 
(h) Total cost estimate 520,400.00 


اس س الس جح لہ —M———— а ey‏ سس شس 


_ онт | EFT-P-T-20 ۰ 
Pa SAN DIEGO + -2 October 1958 
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of maintaining the instrumentation during the actual tests. 


пт, Unless the Modell. 8 Project Office provides alternate instructions, no 
‘ERT: action will be taken on Enclosure As ; : 


` G Е, 8 
Chief of Engineering Flight Test 


Approved Бу” 
GEP2FDsde 


ec: {without enclosure) 
1ь 6. Barbas | 
Е, Е. Чоода: à | | | 
Ho Fs Mohrlock/C, Ashley 
У, Js Schack . | А 
Jo J. Beckman/L, McClain 
Ae Re Marshall/F, Carpenter 

+ Е, Dreschler. ` 

№28 H, A. Bron | 
D, Le Watson 
EFT Files 


MES 
vc 
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The preceding estimates exclude procurement’ of Spare equipment апа cost 


| | * + 
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DESIGN INFORMATION BULLECIN | NO. 24.018 
REPORT HQ, 2M-8-001 | DATES 24 Julv 1958 
MODEL 8 AIRPLANE PAGE: 1 of À 


Reference: DIB 24.008 = Flight Test Engineering Order for Instrumentation of F-102 
Aircdraft. 


r2 


Pre 
готвя by _ 0 A] РРР | 


` Approved Fa Ke. z 2 А 


FLIGHT TEST OPERATION TRUMPET 
са 


This DIB provides for the use of Flight! Test Engineering Order (ЕТЕО); with 
a drawing change control incorporated, for modification and instrumsntation 
as required te conduct Орека сп Trumpet. 


Model 8 Aircraft A/F Serial No. 53-1794 shall be used for this program. 


Engineering, Design Groups rasponsibie for systems in which design changes ага 
required, shall provide the changes by modification drawings in the number 
serias 8-53101 through $-53299, which must be obtained from and subsequently 
released by Engineering Flight Test Instrumentation. These modification 
drawings may be of the sketch or freehand type, but must be understandsble to 
the point of guarantecing standard керди ны ‘quality. 


| 
Approved by ے‎ 


= ہیی‎ Rockman = === Approved by _ А 2 > У А 
Ж L. Е. 05 ۱ 


Senior Project Engineer 


Ф Е, | Putness f Wer 


6-110 
CONVAIR | 
А Division of General Dynamica Corporation 
(San Diego) 


150; spy ibb 


| Ltr. №. 6-6821 
| 15 Bacember 1958 


Subject: Contract АР33(600)-30169 
Model, F=106A Airplanes 
Spectral Absorptivity of the Production Ұ-106 Grey 
Paint (MIL«Ee7729) 


To: | Commanding General, 
Air Materiel Command 
Aeronautical Systems Center 
Wright-Patterson Air Force Base, Ohio 
Attention: MDC (802500) 
Thru: AF Plant Representative 


Enclosüre: (А) .032" Aluminum Panel (26° x 26") 


e m що‏ حم نے 


< ectral absorptivity of the production F-106 gray 
paint апе was evaluated on the Beckman DÉ-2 spectrophotometer 
‘using аз а reference. From this data « value of 0. 7 тав determined 
ав thë Bverage absorptivity for radiation of wave lengths 0.4 to 2.5 
microns. 


2. Convair is sending а .032" aluminum panel upon which 
has been applied the above mentioned grey paint including prime coat. 
and anodizing as per production specifications. Caution should be 
| 
| 


used while evaluating the absorptivity of this paint because of the 
veriation of absorptivity with wave leng 


e 


CONVAIR 
A Division of General. Dynemica Corporation 


RECEIVED (San Diego) 


DEC 1258 


ENGR. fe سے‎ Le E. Otten | 
fest Û — Senior Project Engineer 
вага 
E АМС 4 8/2 enel. 
КЕ, v AFPR 9/0 engl. 
n ве: Dayton Office (2)  Engr, Files В, Chambers/6=104 
| 2 ы Model 8 P/O PR i 
. J. Alisazin Project. ас rom 2 2 

| В. Г. Benson i аа ров /6-123 


Ve 


In reply refer to: 
UDDG: 58-181 
ERW: в] в 
12 September 1958 
Г. В. Ottem/¥. Daniel 


Е. R, Woods 


Telécon with Мг. С. Hughes ЧАПС regarding installation of APU-11 Radar оп 
53-1794. for Operation Trumpet. 


This call vas made in response to an earlier telecon from Capt Lewin, 
WCL33-3 Project Office, to Frank Dreshler. The purpose of the cell was to 
confirm our design provisions for installation of the АРЫ-11 Radar without 
requiring a trip on the part of leb personnel. 


The antenna locations ме have selected are on the lower fuselage center 
line at approximately stations 109 and 190. Мг, Hughes had tentatively selected 
Stations 85 and 109 with 190 as an alternate. Since the APX-25 IPF antenna is 
at station 85, our selected antenna locations were approved. The receiving 
antenna will be at station 109, the transmitting antenna at station 190, 


The station 190 antenna will require more than the 10 ft. maximum co-axial 
ceble length apecified. Mr. Hughes stated that on transmission we have approxi- 
mately 10 db to play with and certainly at the ranges involved this will present, 
no problem. Location and installation provisions for the R-T unit and generator 
were approved, 


Mr. Hughes requested the inbtsllation of a third antenna to be used as an 
£uxiliary receiver. This antenna vill be mounted on the upper fuselage, on the 
center line, just forward of the cockpit between stations 83-96. Each of the 
receiving antennas will be provided vith identical lengths of ce-axial cable and 
will be joined by a T coupling adaptor at the R-T unit, We will install all 
provisions for this third antenna but will leave it disconnected, 


A non mandstory but desireable inclusion is a special signa relay used, 
in conjunction with an indicator light, to confirm to the pilot that the set is 
being interrogated. Ее confirmed that this relay has been ordered and will 
be installed if ít is received in time, Mr. Hughes informed us that a possible 
alternate source for ths relay is the APA-90 spares through AF channels. 


Mr. Hughes informed us that Major Getberg will be the MS Officer on this 
program, 


I asked if any pattern or Radiation tests on the APU-11 system would be 


required during flight tests at Edwards. Mr. Hughes said that this posbibility 
is under consideration but no decision has been reached as yet. 


"n -%2-6.. 


сс: D., G, Hoody Е. R, Woods ` 
у. А, Pickens SEP 1558 Senior Electronics. Engineer 
F. Dreshler 6-110 : Weapons Delivery Design Group 
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RIGHT WING 


NOTES 


(1) $ —A TOTAL OF |3 DIFFERENTIAL PRESSURE 


MEASUREMENTS SHALL БЕ MADE, 


(2) THE CHORDWISE DIFF, PRESSURE АТ В 
DIFFERENT POINTS SHOULD оз SAMPLED ON BL 13.5 
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"CONVAIR 
А Division of General Dynamics Corporation 
(San Diego) 

EFT-P-T-19 | 

1 October 1950 

Index No. 0.8401 
To: Distribution 
From F. Dreschler 
Subject: Schedule and Tentative Agenda for 1 to 3 October 1958 WADC/Convair 


I 


Conference on Operation Trumpet 


General Information 


During the period from 1 to 3 October 1958, WSPO and WCLSS-3 personnel 
will be in San Diego for conferences on Operation Trumpet. This memo 
has been prepared to establish an itinerary for this conference which 
will be coordinated by the writer who will also prepare the conference 


summary. 


The Air Force personnel expected to attend this conference are Major 
N. Flack (МОРО); Capt. M. Н. Lewin {кеке Contract Officer) Capt. 
5. Gardner (WCLSS-3); W. Н. Michie (WCLSS-3) and Mr. Wood of WADC. 


ІІ 


Schedule of Activities and Agenda for 1 October 1958. 


(A) 9:00 a.m. 


Introductions shall be made in the EFT Conference Room. It is re- 
quested that cognizant personnel from the Model 8 Project Office and 
EFT be available. Ти sddition it is requested that Messrs. Lə б. 
Barbee and E. R. Woods also be in attendance. 


(B) After the introductions the WADC spokesman shall be requested to 
provide a review and general outlook for Operation Trumpet. 


(c) WADC personnel shall tben be requested to provide a detailed inter- 
pretation of the objectives they wish to obtain by Convair participa- 
tion in Operation Trumpet. In particular consideration of those 
aspects relating to: 

1. Subdstantiation of the Р-106А/МВ-1 Feasibility Study. 
2. Possible bearing on the F-106A/MB-1 Weapon Delivery Handbook. 
3. Research of blast effects upon aircraft. 


(D) “he period from 12:00 to 1:00 p.m. shall be set aside for lunch 
which is to be coordinated by the Model З Project Office. 


| .-- س 


= - m CONVAIR ЕРТ-Р-7-19 


| San Diego 1 October 1958 
| Раде 2 

۰ То: Distribution | 

M Subject: ^ Schedule and Tentative Agenda for 1 to 3 October 1958, WADC/Convair 


Conference on Operation Trumpet 


(E) At approximately 1:00 p.m., the conference will reconvene and EFT 
(F. Dreschler) shall provide an overall status report of Convair's 
Phase I activity on Operation Trumpet. 

(Р) The remainder of the afternoon shall be taken up by matters pertaining 
to the technical aspects of the program and Positioning Report prep- 
erations. This session shall be Chairmened by Мг. L. С. Barbee. 


III Schedule of Activities and Agenda for 2 October 1958 


(A) The conference will again be held in the EFT facilities with the 
following agenda. 


(B) 9:00 to 11:00 a.m. 


1. Review of flight test preparations for the Edwards Air Force 
Base activity. 


2. Review of flight test preparations for Operation Trumpet test 
ou site. 
(c) 11:00 to 12:00 a.m. 
1. Inspection of the test airplane and ground support trailer. 


(D) 12:00 to: 1:00 p.m. 


4 


1. Lunch; to be coordinated by Engineering Flight Test (Р. Dreschler). 


(E) Afternoon Session 
l. Detail review of airplane instrumentation preparations by EFT-I. 
2. Detail review of ground support trailer preparations by ЕРТ-Т. 
3. Open discussion on data and test site report requirements. 
IV Schedule of Activities and Agenda for 3 October 


(A) Тһе morning session shall convene in the Design Group Conference 
Room and will be coordinated by Mr. E. R. Woods. 
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CONVAIR 
San Diego 


To: 
Subject; 


Distribution 


Schedule and Tentative Agenda for 1 to. 3 October 1958, WADC/Convair 


Conference on Operation Trumet 


(В) 9:00 to 12:00 a.m. 


EFT-P-T-19 
1 October 1958 
Page 3 


1. Review of APW-ll and APX-25 installations. 


2. Review of cockpit radiation curtain installations. 


3. Review of general airplane preparations. 


(C) 12:00 to 1:00 p.m. 


1. Lunch; to be coordinated by the Design Group (E. В. Woods). 


(D) Afternoon Session 


В. 


м. 


Le 


E. 


H. 
F. 
D. 


F. 


1. The afternoon session will bè held in the EFT facilities and 
shall be taken up primarily Маси а conference review by the 


writer. 


2. It is requested that Messrs. W. D. Daniel, R. E. Strayer, L. Ge 


Barbee, and E. В. Woods be present. 
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The (бура) adroraft is to participate in Operation | as 
Froject _ The purpose of the test 18 


hap ify ‘above to satiafy requirements of report.) 
This report presenta typical calculated weapon effecta envelopes and 8 com-p | 
plete explanation.of the methods used to predict inputs and aircraft responses 4 | 
to these inputs. Util izing these .ethods, positions have been selected for the” 
airplane and the effect of errors in positioning have been investigated. The s 
aircraft location for each shot has been based upon the yield furnished for | 
positioning purposes; however, weapon effecta calculations are included in this 
report, for the expected yields. Рог each event, the position and heading of the 
airoraft is comparable to that indicated by the sample aircraft. flight-pattern 
charts and table. 
(Above may be expanded to include other relevant sitioning iñ- 
formation which has been included in the و اسم‎ 
The table below sumuariaes the planned teat positions together with the 
weapon effecta which ia most significant in determining the position selected: 


Critical 
effect 
which de- | 
termines 
position 
Overpres- ` 
sure, 1.5 


psi, etc. 


The report also contains a saüple flight path typical of éach shot, plus 
typical abort procedures. Mission profiles аге included which show the alti- 
tude at which the aircraft will be operating at апу given time; the takeoff, 
arrival at positions, and lending times; and the fuel requireaents. 
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5.1 “Typical Airplane Position for 4T and Nuclear Radiation at Time * 
of Explosion, Positioning Yield "NEC ° . 1 

5.2 Typical Airplane Position for ap and Guat Loading at Shook | 

| Arrival, Positioning Yield & кажа x ДА 

| 5.3 Typical Airplane Flight Pattern and W anion Profile. ©. тш row l4 

5,4 Typical Abort Pattern. . o e <+ © e o «© e «© » e» è « 16 
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New 


CHAPTER 1 


1.1 OBJECTIVES OF THE TEST 


The (model) airplane, serial number „m i8 to participate in 
Operation as Project . The objectives of the test ere 
to ы 

(General explanatory remarks on the means to саптан the 
objective and the shots in which involved should be in- я 
сіздей.) | 


1.2 PURPOSE OF POSITIONING REPORT 


The purpose of this ЕЕЕ" ів to present to AFSWP а complete explanation 
of the methods used to predict the various inputs (thermal, overpressure, mater- 
ial velocity (gust) and radia ion dosage in space, and the methods used to pre- 
dict the aircraft structure and material responsss to these- inputs. The planned 
position for each event 13: presented. 

Selection of airplane positions at the tine jor explosion are based upon 
the predicted effects. Airplane heading and altitude are as shown іп the sam- 
ple flight pattern and profile. This profile and flight plan will be made up 
before each event in order that airspace requirments and safety of flight сап 
also be reviewed by Program 5| and other positions groups. The weapon-effects 
data used for the calculations are reviewed. (Comparison with data from other 
teste may also be furnished.)| A brief diacuasion of aircraft limitations and 
tests underway to further define these linita ii j included. 
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| CHAPTER 2 
СОМРИТАТЈОЖ OF 66 


2.1 EPFEOTS DATA AND METHODS ‘USED FOR QAO. ۵٤ 


fhe basic weapon effect data used for the calodlations vere obtained fron 
—— А detailed description of the methods used in 
contained in Appendix "А". The sources and some general oonsideratisms are ' 
reviewed briefly in the paragraphs below. 


2.2 THERMAL RADIATION 


(Under this heading, such considerations as total thermal yield, attenus- 
tion of the atmosphere, albedo of terrain, and the ehape of the thermal 
pulse should be accounted for. The above is not intended to be restrio- 
tive and any other pertinent considerations should be ineluded. The 


basic calculations employed should be spelled out with a detailed disous- | 


aion of these methods and modifications to thea made in the appendix.) 
2.3 MUOLEAR RADIATION 


(Where m radiation is critical, the effeot of flyaway should be in- 
oluded. 


2.4 OVERPRESSURE 

2.5 TIME OF SHOCK ARRIVAL 

2.6 QUST VELOCITY BEHIND THE SHDOK 
2.7 COMPARISON WITH OTHER DATA (whenever possible) 


CHAPTER 3 


3.1 TEMPERATURE RISE, MAXIMUM TEMPERATURE, AND THERMAL STRESSES AND STRAINS 
3.2 BENDING AND CRUSHING FROM OVERPRESSURE 
3.3 UNIT STRESSES FROM GUST LOADING 
(The discussion should spell out the responses of critical stations 
and components involved but should algo include remarks concerning 


the aircraft ав a whole where this information 1s necessary to 
clarify the computations in question.) 
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CHAPTER 4 * - 
POSTRIONING CRITERIA 


LIMITS FOR THE, . AIRPLANE 


(депата) díacussion may be made of the limitations.) 
TEMPERATURE LIMITS 
OVERPRESSURE LIMITS 
GUST LOADS 
NUCLEAR RADIATION 
(The above sections should include discussion on the source of the 


, limits in question such as structural analysis, flight test investi- 


gations, reports of studies on similar problems, test of special | 
sections, etc. The critical structures should be spelled out in | 

every case. The intent is to justify adequately the limitation estab- 
lished in order that AFSWP oan verify it. In addition, if certain 
portions of the aircraft are modified for special investigations, 

euch ав painting with different absorptivity paints, these panels 

should be listed and described fully as to location, dimensions, 
characteristics, modifications performed upon them, expected results 

of the modifications and substantiation of the structural and aerody- 
namic gar بھی‎ of the aircraft in the event of failure of these por- 
tions. Damage to such non-structural parts as readomes and aerodyngs- — - 
ic seals must also be covered from the safety standpoint. А brief 
general discussion of the instrumentation used should be included un- 
less of а especial or unusal type. Іп this case, it should be ex š 
plained in detail.) i 
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5,1 POSITIONING AND FLIGHT DATA 


Since positioning yields vary as the planning for the tests proceeds, the 
positioning data ia presented here in saaple form. This form will be the basis 
for positioning data computed in the field for sutmissal to the Program Direc- 
tor before each shot. The data includes weapon-effects envelopes, positioning 
and effects tabular summaries, aircraft flight patterns and mission корен, 
and abort procedures. 


(In all cases where а nilitary effects shot ig involved or in other 
oases where the weapon yield is accurately known and not subject to 
change, the above data vill be mandatory as а part of this report.) 


The weapon effects envelopes are presented as two graphs. The first. shows 


the airplane position at tne tine of explosion with tenperature rise and nuclear 


radiation envelopes. The second shows thé position and effecta at shock arrival, 
1.е., overpressure and gust load factor. Lines of constant temperature rise are 
common to both graphs. Thus, at the temperature rise indicated by the first 
graph, the position of the aircraft is indicated on the second graph with respect 
to altitude and distance from ground zéro. Froa this position the effects of 
overpressure and бові load are obtainable. 


(The above pre-supposea a given course with respect to ground zero, 
and a constant speed which should be clearly spelled out in build- 
ing up tne envelopes. If ап offsct is included in the calculations, 
this should be pointed out.) 


Three positions are shown on the graphs. Position "А" is the planned posi- . 


tion. Position "B" ів the aircraft's position if ell errors involved are in a 
direction to increase the effects. Position "C" is the/position when all errors 
tend to decrease the effects. The errors include aircraft position error and 
bombing errors, burst height variations, and incorrect tine of release where 
aerial deliveries are involved In addition, each graph 18 provided в time 
scale which will enable mircreft early or late errors to be plotted and the 
weapon effects picked off, 


(The weapon-effects envelopes is a suggested form of arranging effects 
data for use in the field. The envelopes сап be made up for а nim 
ber of yields througnout the range of interest. These envelopes can 
then $i utilized for quickly obtaining effects data for planning pur- 
poses. 


l/The errors included which would place the airplane closer to the explosion are: 

а. Airplane . feet (_ seconds) behind schedule. 

b. Boab displaced feet fron ground zero — seconds) in direction of 
the airoraft (use CEP value). 

с. Bomb explosion 500 feet high, ise., explosion + second early. 

d. Bomb dropped _ seconds carly (based upon accuracy of time call _ seconds 
before drop.) | 

The opposite values were assumed for errors which would place the дале fur- 

ther from tie 026 
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TABLE 5.1 Summary of Planned Test Positions i ў „А ah 
(Based Upon Positioning Yields) $4 MA \ 


ہے صب P.‏ ن 


which de- 5 | 
termines | ` 
position | 


(The above summary is mandatory) 
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The airoreaft flight pattern and mission profile inoludes information 

which may be utilised for air operations planning. (Include any other ei- 
planatory information necessary.) ^ 2 


“< 5.2 ABORT PROCEDURES 


(A description of the typical abort procedure considered necessary for 
each shot should be given. This procedure should guarantee the safety 
of the aircreft for the positioning yield. The effects should not in 

any case exceed those predicted for the planned position with positive 
errors as previously defined, unless cleared on each case by Program 5, 
AFSWP. A teble should be included to give the weapon effects for the 
most critical position following an abort taking into account the ров1- 
tion errors.) 


(In addition, the following information will be’ supplied: (l) time and 
distance factors to abort points from ground sero; (2) abort turn rate | 
and directions (3) beading in escape path from ground sero; and (4) de- | 
sired course and altitude for return to base following abort.) 
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The (type) airoreft із to participate in Operation 
Project _ _. The purpose of the test ів 


{amplify above to satisfy requirements of report.) 
| This report presents typical calculated weapon effects envelopes end a com)’ 
| plete explanation of the methods used to predict inputs and aircraft responses 4 
| to these inputs. Utilizing these е Нодв, positions have been selected for Ке” 
| airplane ала the effect of errors in positioning have been investigated. The > 
aircraft location for each shot has been based upon the yield furnished for 
positioning purposes; however, weapon effecta calculations are included in this 
report for the expected yields. For each event, the position and heading of the 
airoraft is coaparahle to that indicated by the sample airoraft flight-pattern 
charte and table. | 
(Above лау be expanded to include other relevant positioning in- 
formation which has been included in the پر وس‎ 
The table below summarises the planned test positions together with the 
weapon effects which is most significant in determining the position selected: 


| 

Critical 

| effect | 

| : tal inge tal Range | Range which de- 
Cy í | : ; бай termines | 
| net) (ft) et) ( | position 
Overpres- ; 

sure, 1.5 | 

pai, etc. 


The report also contains в sample flight path typical of each shot, plus 
typical abort procedures.  4ission profiles are included which show the alti- 
tude at which the aircraft will be operating at any given time; the takeoff, 
arrival at positions, and landing times; and the fuel requirenenta. 
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CHAPTER 1 


1.1 OBJECTIVES OF THE TEST 


The (model) airplane, serial ғ {а to participate in 
Operation ав Project . The objectives of tha test are 


to 


4 


= (General explanatory remarks on the means to accomplish the | 


objective and the shots in which involved should be in- 
cluded.) ۱ I 


1.2 PURPOSE OF POSITIONING REPORT 


of the methods used to predict the various inputs (thermal, overpressure, mater- 
ial.velocity (gust) and radiation dosage in space) and the methode used to pre- 
dict the aircraft structure 
position for each event ‘is. presented, 

Selection of airplane positions at the time lof explosion are based upon 
the predicted effects. Airplane heading and altitude are ag shown in the sao- 
ple flight pattern and profile. This profile and flight plan vill be made up 
before each event in order t а:г-врасе ИА and safety of flight can 


| 
The purpose of this = 18 to present to AFSWP a complete explanation 


also be reviewed by Program 5 and other positioning groups. The weapon-effects 
data used for the calculations are reviewed. (Comparison with data from other 
tests may also be furnished.)| A brief discuselon of aircraft limitations and 
tests underway to further define these limita is! included. 


| | 
| 


material responses to these inputs. The planned 


2.1 EFFROTS DATA AMD METHODS USED VOR QALU AT IONS 


The basio veapon effeot data used for the oslo ations were Obteinsd from 
م‎ A detailed description of the methods used ie 
contained in Appendix "A". The sources and some generel oonsideratfBusg gre ` 
reviewed briefly in the paragraphs below. | 


2.2 THERMAL RADIATION 


` (Under this heading, such considerations es total thermal yield, attenua- 
tion, of the atmosphere, albedo of terrain, and the shape of the thermal 
pulse should be accomted for. The above is not intended to be restrio- 
tive and еду other pertinent considerations should be ineluded. The А 
basio caloulations employed should be spelled out with a detailed disous- 
gion of these methods and modifications to then made in the appendix.) 


tion ia critical, the effect of flyaway should be in~ 


2.5 TIME ОР SHOCK ARRIVAL 
2.6 QUST VELOCITY BEHIND THE SHDOK 
2.7 COMPARISON WITH OTHER DATA (whenever possible) 
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CHAPTER 3 


3.1 TEMPERATURE RISE, MAXIMUM TEMPERATURE, AND THERMAL STRESSES AND STRAINS | 
3.2 BENDING AND CRUSHING FROM OVERPRESSURE 
3.3 UNIT STRESSES FROM GUST LOADING 
(The discussion should spell out the responses of critical stations 
and components involved but should also include remarks concerning 


| 

the aircraft as a whole where this information 18 necessary to | 
clarify the computations in question.) | 
| 

x 
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LIMITS POR THE. |. AIRPLANE 


(General discussion may be made of the limitations.) 


TEMPERATURE LIMITS 
OVERPRESSURE LIMITS 
GUST LOADS 

NUCLEAR RADIATION 


(The above sections should include discussion on the source of the 


| limita in question such as structural analysis, flight test investi- 


gations, reports of studies on similar problems, test of special | 
sections, etc. The critical structures should be spelled out in | 
every cage. The intent 1а to justify adequately the limitation estab- 
lished in order that AFSWP can verify it. In addition, if certain 
portions of the aircraft are modified for special investigations, 
auch аа painting with different absorptivity paints, these panels 
should be listed and desoribed fully as to location, dimensions, 
characteristics, modifications performed upon then, expected results 
of the modifications and substentiation of the structural and aerody- 
namic integrity of the aircraft in the event of failure of these рог- 
tions. Damage to such non-structural parts ав radomes. and serodynarm- 
ic seals must alao be covered from the safety standpoint. А brief 
general discussion of the instrunentation used should be included un- 
less of a especial or unusal type. In thie case, it should be ex- 
plained in deteil.) 


س س ل م r‏ 
س ل ل ل ل ر 
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5.1 POSITIONING AND FLIGHT DATA 


Since positioning yields vary as the planning for the testa proceeds, the 
positioning data ів presented here in saaple form. This form will be the basis | 
for positioning data computed in the field for aubmissal to the Program Direc- | 
tor before each shot. The data includes weapon-effects envelopes, positioning 


1 | | | 
and effects tabular suüneríes, aircraft flight patterns and miselon profiles, 
and abort procedures. 


(In all cases where а military effects shot ів involved or in other 
cases where the weapon yield is accurately known and not subject to 


change, the above data will be mandatory as a part of this report.) 


The weapon effects envelopes are presented as two graphs. The first shows | 
the airplane position at tne tine of explosion with temperature rise and nuclear 
radiation envelopes. The second shows the position and effects at shock arrival, 

i.e., overpressure and gust load factor. Lines of constant temperature rise are | 
сошшоп to both graphs. Thus, at the temperature rise indicated by the first 
graph, the position of the aircraft is indicated on the second graph with respect 
to altitude and distance from ground zero. Frou this position the effects of 
overpressure and guat load are obtainable. 


(The above pre-supposes а given course with respect to ground zero, 
and a constant speed which should be clearly spelled out in build- 
ing up the envelopes. ІГ ап offset is included in the calculations, 
this should be pointed out.) 


Three positions are shown on the graphs. .Position "A" 18 the planned posi- 
tion. Pogition "B" is the aircraft'a position if 811 errors involved are in a 
direction to increase the effects. Position "C" is the;/position when all errors 
tend to decrease the effects. The errors include aircraft position error and 
bombing errors, burst height variations, and incorrect time of release where 
aerial deliveries are involved.s/ In addition, each graph ів provided а time 
scale which will enable aircraft early or late errors to be plotted and the 
weapon effects picked off. | 


(The weapon-effects envelopes is a suggested form of arranging effects 
data Гог use in the field. The envelopes can be made up for а nut- 
ber of yields througnout the range of interest. These envelopes can 
سیت‎ utilised for quickly obtaining effects date for planning pur- 
ровев. j 


l/The errors included which would place the airplane closer to the explosion aret 
ae Airplane feet EN seconds) behind schedule. 


b. Boab displaced _ feet from ground zero (__ seconds) in direction of 
the aircraft (use CEP value). | 
с. Bomb explosion 500 feet high, i.e., explosion } second early, 
d. Bomb dropped __ seconds early (based upon accuracy of time call __ seconds 
| before drop.) 
The 


opposite values were assumed for errors which would place the airplane fur- 
ther from the explosion. 
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TABLE 5.1 Summary of Planned Test Positions 2 `. | 
^ (Based Upon Positioning Yielda) ٣۴ ае | 


PLANNED TEST POSITIONS FROM 02 = 
ш At Time Zero [At Shock Arrival | 
“Î Absolute Horison- | Slant | Hori zon- 


tal Range} Range 
| and рег 


(The above summary is mandatory) 
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The eiroraft flight pattern and mission profile inoludes information 

which may be utilised for air operations planning. (Include any other ex- 
planatory information necessary.) - - 


(A description of the typical abort procedure considered necessary for 
each ahot should be given. This procedure should guarantee the safety 
of the aircreft for the positioning yield. The effects should not in 

any case exceed those predicted for the planned position with poaitive 
errors às previously defined, unless cleared on each case hy Program 5, 
АҒЗЫР. А table should be included to give the weapon effects for the 

most critical position following an abort taking into account the posi- 
tion errors.) | 


(In addition, the following information will be supplied: (1) tise and 
distance factors to abort pointes from ground sero; (2) abort turn rate 
and direction; (3) heading in escape path from ground zero; and (4) de- 
sired course and altitude for return to base following abort.) 
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APPENDIX "С" 
(Optional) ^ 


HEAPON EFFECTS. SAVELOPES 


C.l (This section if included should contain effects envelopes at the 
time of explosion and at the time of shock arrival for the expected 
end positioning yields for each shot.) 
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TN О FLIGHT TEST REQUEST 


| (РСЕАЗЕ PREPARE ORIGINAL AND 3 COPIES) 
1 REQUESTOR: 
GROUP & 
| NAME Сб. Afhiey FUNCTION, 6284 G 
MODEL VERSION __ *- 0 
` GROUP SUPERVISOR'S SIGNATURE 


2. PROJECT OFFICE ENGINEER: 
С ЛАРРКОУЕО FOR ESTIMATING SIGNED 
СЈМОТ APPROVED 


| 3. ENGINEERING FLIGHT TEST SECTION: 
| JAP PROVED FLIGHT TEST REQUEST NO. 


Мот APPROVED | ^ Ai, 
TA ROV <= АА um C РД LA 
| SIGNED 


4. TEST DATA REQUIREMENTS: (REQUESTOR SPECIFY THE FOLLOWING: 1, SUBJECT OF TEST; 7 PURPOSE OF TEST; 
3. INFORMATION REQUIRED; 4. REFERENCE SPECS, DWGS, MEMOS, TVA'S; 5. TEST CONFIGURATION - ` 
DATORY CONFIGURATION ITÉMS; é. REQUIRED TEST PROCEDURE; 77, REQUIRED CHANGES TO AIRPLANE OR SYSTEMS} 
o: DATA REQUIREMENTS - NAME ‘AND DESCRIBE DATA STATE, SAMPLING RATE AND DESIRED DATA PRESENTATION; 

‚ MEASUREMENT UNITS, RANGE, ACCURACY, LOCATION ON AIRPLANE, FREQUENCY RESPONSE IN CPS) 
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17 October 1956 
С. М. OfHaro | ЕРТ-А-8-2Б5_ | 


Index No. 4113 
М. 1. Pdelstein/E. В. Moyers. 


P-102 Test Program at HAPB, Bar Chart of Progress and Program 
Highlights - 21 October 1954 through 20 September 1956. 


REFERENCE (а) Verbal Request of Captain Healy, USAF, Holloman AFB, of 
9 October 1956. | 


A 


In accordance with Reference (a) the attached enclosures have 
been prepared. Captain Healy has agreed to obtain such informa- 
tion as you deem advisable from these charts for incorporation 
into a report he is preparing. 


СЕ. Re Meyers > 


77%, Г. Edelstein 
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Enclosures 

сс: С. W. Hofeller 
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MEMO TO: W. D. DANIEL, MODEL 8 PROJECT OFFICE 
FROM: J. B. HURT 
SUBJECT: F-102A PHASE VI TEST PROPULSION DEFICIENCIES 


REFERENCE: (a) Model 8 Project Office Memo 57-141 Dated 18 April 1957 
(b) Phase VI Functional Development Report Dated 19 March 1957 


> 


The following comments, numbered to correspond to the deficiencies noted 
in Reference (b) are submitted per the request of Reference (a): 


1. А new bleed valve governor with optimum schedule has been incorporated 
on. engine S/N 608245 by Pratt and Whitney EC 73209 and is effective for 
S/N 401 and on. Service action effectivity is not known. 


2. New AJ-A2 fuel controls were installed on engine S/N 606010 per Pratt and 
Whitney EC 60939 and is effective on airplane S/N 76 and on. Service 
action effectivity is not known. 


3. New forged flap afterburners were installed on engine S/N 606000 per Pratt 
and Whitney EC 6h202A and is effective on airplane S/N 68 and on. Service 
action effectivity is not known. 


l. We do not know what Pratt and Whitney has done about new swirl cups. We 
will try to find out. 


5. We have been told by the Air Force that Pratt and Whitney has submitted 
an ECP for forged turbine blades and that it is under consideration. We 
do not know the number, effectivity, etc. 


6. Cooling airbleed ducts have been reinforced in three steps: 
а. ACA 8-992 and 8-1153 effective on S/N 51 and on 
b. АСА 8-1375 effective on S/N 60 through 353 99 9l 
c. ACA 8-1535 effective on S/N 354 and on. ҚА 


Appropriate service action has been recommended. аси 


7. The Sundstrand return oil-filter has been relocated per ACA 8-1080 and 8-1715 
effective on S/N 89 and on. Service action has been recommended. 


8. Sundstrand has improved the bearings in their gear box but, to the best of our 
knowledge, have not arrived at a final fix. We do not know the change numbers 
or effectivity for their interim improvement. 
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MEMO TO: W. D. DANIEL, MODEL Ө PROJECT OFFICE - PAGE 2 - APRIL 26, 1957 
SUBJECT: F-102A PHASE VI TEST PROPULSION DEFICIENCIES 


13. 


The Sundstrand shaft coupling was improved by Sundstrand ECP 16301A (Convair 
ECP 1205) effective on S/N 300 and on. Service action was accomplished by a 
T.C. P.O. 


The Sundstrand cover plate has been re-designed per Sundstrand ECP 187974 
and is effective on airplane S/N 650. 


A simplified Sundstrand shaft alignment procedure is presently in work and 
will be released to the field Soon. At the same time the Ground Support 
Group is working on several new aligning tools that will simplify alignment. 


The oil fitting was revised to prevent incorrect installation by ACA 8-15159 
effective on airplane S/N 42 and on. Service action was recommended. The 
switch used with this fitting has been replaced with a new switch which screws 
into the engine and also eliminates this problem. This change, ACA 8~1577, 

is effective on S/N 89 and on, and service action was not recommended. 


Avica hoses were replaced with Teflon hoses by АСА 8-1250, 8-1270, 8-1275, 
and 8-1265 effective on airplane S/N 38 and on, 89 and on, 89 and on, and 
127 and on, respectively, with service action recommended. 


The afterburner nozzle position indicator was removed from the airplane by 
ECP 1200 effective on S/N 190 and on, and service action was recommended. 


у= 7c Hurt 
Design Group Engineer 
Propulsion Design Group 


JBH:es 


сс: 


б. А. Lemke 
г. De Applegate/R. 2. Chillo ۱ 


W. Chana 
Lo E. Otten 
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3 January 1957 


К. Coughlin, Operations and Support Planning 


He Re Kennedy, Engineering Service Publications 


Maintenance Instructions, Т.О. lP-1024-2-1 through -2-134 


Reference (a) Your memo, same aubject, dated 13 November 1954 
(b) Final Activities Report F-1024 hass VI, dated 15 August 1956 


l. Reference (a) letter forwarded comments and recommendation from 
reference (b) report concerning Maintenance Handbook Instructions. 
The following paragraphs indicate the action taken or contemplated 
on eech item in question. 


а, 


RECEIVED 
JAN 4. 1957 


F-1o2 
PROJECT 
OFPICE 


Т.0. 1Ғ-1024-2-4. 


(1) "Give minimum and maximum fuel flows versus barometric 
pressure curves for the emergoncy fuel control system." 


It is felt that the ongino ground run precedure given in the 
23 November 1956 issue of Т.О, 1F-1024-2-4 provides the in- 
formation requested and will indicate a positive and safe 
emsrgency fuel flow range of operation at varying field 
altitudes. 


(2) "Engine trim procedures could be elaborated and trim 
curvo charts should be enlarged showing correct Centigrade 
and Fahrenheit relationship.” 


Power Plant group is in the process of revising the engine 
trir: procedures and charts. When available, the procedures 
and charts will be incorporated in Т,0. 1F-1024-2-4. The 
correct temporature conversions will also be incorporated. 


(3) "Include manifold pressure readings to correspond with 
ratiometer readings.” 


First, it is assumed that tho term "manifold pressure" refers 

to Pt, or total turbine фепрогафиго. It would be difficult to 
incorporate direct pressure readings on the existing trim curves 
without unnecessarily complicating the charts due to the correction 
that must be made for altitude. Іп lieu of tho incorporation re- 
quested, a simple formula is being added to tho charts to enable 
the mechanic to computo the Pty for each individual case. 


То: 


3 January 1957 
Page 2 


K. Coughlin 


Subject: Maintenance Instructions, Т.О. 1F-102A-2-1 through -2-13А 


b. 


Ge 


d. 


1.0, 1F-102A-2-8. 

"Be specific in the positioning of the landing gear selector 
switch during and after landing gear extension checks to preclude 
óver-pressuring of the secondary hydraulic return system." 


The latest issue of 7.0. 1F-1024-2-8 -cautions against the mis- 


management of the emergency gear extension system. The subject 


is now coneidered to have adequate coverage. 


"Include complete information as to procedure, material specifi- 
cation, stock and part numbers ütilized in the potting of electrical 
connections." 


Potting procedures and military specifications for the compounds. to 
be used have been incorporated in the latest issue of Т.0. 1F-1024-2-10. 
Stock and part numbers for the compound are beyond the scope of the 
Maintenance Handbook, 


ES 1. checkout of displacing mechanism, snuhbers, locks, 


The operational checkout of thése items is undergoing extensive 
revision as information is received from the field. Тһе current 
revision of 7.0. lF-1024-2-12, scheduled for release on approximately 
28 February 1957, will reflect all information and techniques avail- 
able to date. 


(2) "Boresight - harmonization of aircraft." 


Boresight-harmonization information is undergoing extensive revision 


as special tools and fixtures are developed and information is obtained 


from tho design groups. 
(3) "Operational data intervalometer -" 
Operational data for the intervalometer itself is not within the 


ecope of the Maintenance Handbook. Reference should be made to 
the vendor!s T.0.'s for this information. 


То: К. Coughlin | | 
Subject: Maintenance Instructions, T.O. 1F~102A-2-1 through ~2-13A 


(4) "Information is too brief for trouble shooting of wiring system 
in the armament system." 


Refer to remarks under d, (1), above. 


2. Concerning your request in paragraph 2 of reference (а) for the present 
status of the F-102A Maintenance Handbook series, we feel that those hand- 
books in their present state will adequately support any maintenance activity 
conducted at the organizational (flight line) level. Early problems en- 
countered in providing complete maintenance coverage for the F-102A have more 
or less paralleled similar problems in engineering design and ground support 
activity. However, the Maintenance Handbooks have been subject to constant 
revision and today many of the early deficiencies have been eliminated or 
reduced. 


3. Current Service Publication policy and handbook activity is as follows: 


а. Service Publications actively solicits the submittal of "Service 
Handbook Change Request" forms from all sources. А11 suggested 
changes are investigated and incorporated at the earliest opportunity. 


b, Our editors and writers have visited operational bases to determine 
first hand the extent that handbooks are being utilized and to pick 
up personal comuents for improvement. This program will be continued. 


Service Publications has just completed a handbook proofing program 
in which the handbook writers physically checked the Maintenance 
Handbook procedures against an F+102A airplane. The results of this 
program will be evident in future issues of the handbook series. 


с 


4, With regard to the Final Activity Report of the F-102A Phase VI program, 
one fact should be noted. The report is dated 15 August 1956, however, the 
first word received by Service Publications as to the exiatence of such a 
report was reference (a) memo dated 13 November 1956. While we realize 
that it is not your responsibility to forwerd information of this type to 
us, except as it affects your activity, it would be appreciated if, in the 
future, such material could be brought to our attention as вооп as possible 
after receipt. А quick word by télephone or mero might put us оп the track 
of valuable entrant ou. Inasmich ав the only San 22. 0ک‎ made 


hfe رر‎ 


н. R. Kennedy 
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CONVAIR F=102 


0 ٤ ےچس‎ jet 
RX ERE КЕМИКХИХЦКХ interceptor, 1 place. 


BUILDER=-Convair, San Diego.First ХХЕХЕЗЕКЕХ flight Oct. 23, 1953, at 
Edwards AFB, Calif. (Ziymkx pilot Richard L. Johnson). 
Data for F-102A 
DIMENSIONS——Span 38 ft. 1.6 in.; length 68 ft. 3.3 in.; height X 17 ft. 
11.7 in. 7 
WEIGHT__Gross approx. 27,000 lbs, (unofficial). 


WING -- 
аге | 
CONTROLS--Stick and rudder movements transferred zekka through mechanical 
irreversible 


linkage to/hydraulic xoxexzxyztmugz control system. 
linkage to a hydraulic control system. RAXA The hydraulic system is irreversibleg ` 
Ханза? Хайкткриз зкахино ан най нихъйх?юги лохемах Зи. so that the pilot may have 


an indication of aerodynamic forces on the ииккий surfaces, ent artificial feel 
in 
System resists movement m£ the mechanical linkage with a force proportionate to 
speed and altitude. 
Ag the stick is moved, | 
Финтизниизнохфкашавииз @onventionsl aileron and elevator motions are 


separated mechanically and fed into the hydraulic system. There are no trim tabs, 
the entire control surface being trimmet moved to trim the plane. Trim settings 
зхзкоя кой 
selected electrically by the pilot are superimposed  sux£kbxumxtroizX£xhups2 
on the control system. 
An automatic pitch and yaw damper system senses sudden changes in the 
| feeds corrections into 
plane's attitude and  XuperZmpsssexempxartkugzx2ktzuszmx the hydraulic control 
XEXYXEEX System, А pilot-assist system vill көөр the plane on set course at a 


given attitude, 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
GENERAL OFFICES, SAN DIEGO, CALIFORNIA 
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25 August 1954 


№. А. 8. Coopor, Estimating Administrator 
Convair > Fort Worth Division 
Fort Worth, Toxas 


Dear Tims 


The attached data are actual costs to date as noted for 
those models for which completo historical data are available, 
except for Model F-102A, for which costs ате estimated, 


The flight, hours shown are actual take-off to touch- 
down times, not bloek-to-block or choeketoechock,. It should be 
noted in this respect that on Model ХГ2Ү, there were 125 taxi 
runs, totaling 48 hours operation, which are included in the 
costs, but not in flight hours, ‘There were also some taxi runs 
on Model R2Y and obvious taxiing on the other models. 


Data on other models are incomplete, but ths rotating 
may ре of noms banefit-on Model 2403 24 airplanos were used for 
flight tests, covering a period of 31 Benny 848 flights, with 
a total of 1,541% flight hours. 


On Model XP5Y Ho, L airplane, for а period of 17 months- 
there were a total of 37 taxiing hours, 42 flights and 102.6 
flight hours. 


Pest, regards, 


В. С, Pederson 
Manager of Estimating 


RCP :LHBiat 
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Confidential 


Janell 54 first flight 31 mins 
Jan.l4 54 second 37 mins 


Јап,20 43 mins 


کر رر abe‏ == — سس ہہ - 


Jane26 6th flight; Jon/27 طط7‎ flight ( 


Mach „586 1.06 
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Prepared Ьу: В.Е. Ferguson 
F-102/106 Project Office 
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CHECKED вух j ee کس‎ SAN DI «море L ТЕ-ҮР-Р-102 ` 
سسجت‎ ; Sees Dm | £i ЕП 3 | ГВ ne و‎ шә 1958. к 


i ^ 5 y } И E 
| de پچ‎ 7 з 
ы” ۱ .تک نپ‎ n+ 
i 24 August 195% | тие. Vair turbine ешегдепсу hydraulic system was ti 2 TENE a 

| i | тастар ні. 00 in flight. . w AB 
| zu bj * 25 August 195hi- The first. air: starte were accomplished. No difficulties 
м” pre ees ' ^ were encountered, II. 
: NE Е 1 
| a 2227 9 September 195%: А GAR-1 missile маз fixed at 25,000 feet pressure altitude. ` 
| 11 September 195%; ene 8-80 airplane began testing with an exterided nose M Ë 
| and large fuselage elevon fillets. Subsequent testing 
x | О, proved predicted improvement in supersonic дхад and in 
| | maximum power climb performance. ` | 
رم‎ 5 | , 15 September 1954; А simulated landing was made using ram air turbine hydraulic | 
š | pressyre only. Satisfactory control was.nsintained down to ` 
7 . ү : 140 нов: ; . 
| 29 September 1954: A Mach тава of 1.33 was attained at about 30,000 feet У 
i e pressure altitude. к 4 
“4 | 9 November 1951: Four 2.75" FFAR rockets were , fired at. 25,000 ‘reat. pressure 7 
M : , altitude. n | м qo E е 
| | 18 November 1954: The. firot. night flight of an F-102 airplane was m made. К 
19 November 195%: The first hooded instrument flight was accomplished. д 

ү ç | «s Degonber 1954: Flight testing of the "pilot assist" system was started. k 


А И December: | Three Air Force pilots and one Hughes pilot flew evaluation 
e : flights of the double-headed control etíck. ` 


7 Е: 20 December 195%; Тһе first flight of an 8-90 ларын s made at Edwards AFB. 


21 ‘December 1954: The first 8-90 airplane attained а Mach number of 1.2 in 
aor . level flight аб 35,000 feet pressure altitude, 


pow] 29 Decémber 1954: _ The first 8-90 airplane exceeded 52,000 feet pressure —— p 


: j وا‎ ` atti tude... è- E | n 
‚ 21 Jenuary 1955: Highest altitude reached by ҮР-102А of 55,130 ‘indicated feet. 2 


I کر گے‎ зы E کی‎ 
20 February 1955! First teat flight of production F-102A. 


: : Пас” : 
: 3 Мау 1955: ; Fixes 2.0 е urea ‘from F«102. < 
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| (continued) 
Future ГЕ ` 


` Mroraft completed ite Plight teat. program бй 2 stolas 1956 at the termination. 

. of flight 216, and мав ріабейор га ground work status for instrument&átion . ` 
removal in preparation for delivery to ConvairePalmdale. Aircraft was o] 
to the Conv «Palmdale facility for chase and observation flights, as a high. - 
and low altitude target for check-out of fire control systems, and other ' i 

.. operational and maintenance purposes per Convair Sales Order No. 941-126, وس‎ i 
S701 August 1956. ` | - | 


а” 


Ж chro оса]. Histor 
15: Deodater 195% = Ferried from бапес Diego to Edwards Air Force | 

720 Dec&mber 1954 - Initial flight test conducted Та : Ei 

23 December’ 1954 - Conditionally accepted by the United. States Мг Force Ub 

15421 January 1955 - Phase IL ‘testing = United States Air. Force OU; 

| 8-18. March 1956 - Modification for P-lO6A exl&üst ejector at Edwards AFB i 

19 Магов 1956 = Commenced Р-106А exhaust ejector tests 

25 April 1956 - =. Completed F-L06Aexhaust ejector tests 

2 October 1956 - Completed Е ің test program at the termination of ka 216, 
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ANOTHER DELTA—Delta wing was applied to sea as well as land planes. This was "Sea Dart," 


g,‏ سب 


"a Ж еы SETS 


built for Navy. It also hod novel application of high-speed ski. 


Plant 2 at SD ‘Revived’ | 
In 1953 For F-102 Work | 


{installment Мо. 7] of contin- | Rigney, commander of the 327th 


ving hislory tracing background 
of General Dynamics products 
sees F-102s going into produc- 


Поп for the Air Force and .ihree: 
other delta -winged firsts, бес! 


Dart, 
development а! Convair.) 


А new Air Force procurement 
policy was tried for tha first time 
in the F-102 program. This was 
the Cook-Craigie plan, named for 
Lt. Gen. Orval R. Cook and Lau- 
renee C. Craigie, Instead of start- 
ing full-scale production as soon 
as а new model is accepted, the 
contractor delivers a trickle of 
units for 18 months while exhaus- 
tive flight tests are conducted. 
Any major changes or improve- 
ments are incorporated into per- 
manent factory tooling, so that 
combat-ready planes are deliver- 
ed when mass production starts. 

Convair moved an F-108 task 
force into empty Plant 2 in Janu- 
ary, 1953, and began delivering 
occasional production sireraft in 
April, 1954, but did not throw the 
switch for full-scaie output until 
late in 1955. The first delivery 
to ап operational Air Defense 
Command unit took place May 1 
1956, when Lt. Col. Charles E. 


——————————————————————— ———  —— MH! 


Fighter-Intercepter Squadron, 
climbed into an F-102A at Соп- 


гхан”в Palmdale flight test center 


and flew it heme to George Air 
Foree Base, Victorville. Calif. 
By the spring nf 1956 the Air 


Pogo, and B:58 under! расе had awarded Convair four 


production contracts for F-102A5. 
Three of the orders included TF- 
102As, a two-pluce training ver- 
sion. On May 30 the initial con- 
tract was announced for build- 
ing F-102Bs, an improved version, 

Three other delta-winged 
planes, ench the first of its kind, 
were developed by Convair. These 
were the XF2Y-1 Sea Dart, an 
experimental water-based jet 
fighter; the XEY-1 Pogo, first 
airplane in the world to take off 
and land vertically; and the В-58 
Hustler, a supersenie medium 
bomber. 

A product of Gonvair’s hydro- 
dynamic research laboratory at 
Sun Diego, the twin-jet Sea Dart 
flew first on April 9, 1953. Its 
wing, triangular fin, and sharp- 
nosed cockpit canopy gave it a 
family resemblance to the F-102. 
Тһе XF2Y-L's most novel feature 
—ind the one most difficult to! 
perfect—was a retractable h vede | 
ski for takeoff and landing. A! 
double ski was used first, but! 
this created vibration and sta- 
bility problems in the flight ای‎ 
iod between takeoff and retrac- 
tion. Designers switched to a! 
broad, single ski for continuation | 
of the tests. | 

Through 1956, no performance 
figures had been released on the 


46 Дош; planes ішің to that time.! 


However, it was announeed in 
1954 that the second model pass- 
ed Mach 1 on August 3, while | 
executing а shallow dive at 34,- 


1000 feet. Thus, Sea Durt became 


the first water-based aircraft to 
achicve supersonic flight. 
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CHRONOLOGY OF SIGNIFICANT EVENTS IN THE ҮЕ-102, Е-102А, AND | 
4 TF-102A FLIGHT TEST DEVELOPMENT PROGRAM | | 


* 


`` Qk October 1953:.. Initial flight of YF-102. Airplane crashed 2 November 1953 


52-1995 


48 "99 ۲ 2. 5 March 0 


13 April, 1954; 
13 April 1951: 


E "7939. 2 May 195%: 


Ed demas 


June 195h:‏ ہا 


12 July 1954: 


22 July 1954: 


29 July 1954; 


ll January 195%; 


21 January 1954; 


714 May to 1 June: 


during take-off for flight seven. 
Initial flight of second YF-102. 1 
Supersonic speed of Mach 1.06 was attained. 


Flutter investigation tests were initiated at supersonic | 
speeds using shakers to evaluste damping characteristics. 


‘Buffeting was reduced and uncontrollable yaw oscillations 


in the vicinity of Mach 1.0 were eliminated by extension of 
tail pipe and modification of elevon to fuselage fillet. 


Altitude performance and general handling characteristics 
at high lift coefficient were improved by addition of 


сахрегей leading edges. 


Mach number of 1.29 was attained. 
Initial flight of Model type 8-82 airplane. 


Air Force Phase ТТ tests were conducted. Airplene was 
flown by ten Air Force pilots and one NACA pilot. 


Initial major experience with compressor stall occurred. 


Flutter investigation for type 8-80 and 3-82 airplane 
completed. Maximum Mach number 1.3 and maximum indicated 
airspeed 631 MPI. 


Flight сһагасбегізбісе during opening of missile bay doors 
were demonstrated to have no unusual effects up to Mach 
number oF 0.92. 


Completed initial hardware development of pitch and yaw 
damper system, and obtained. basic response data with this 
equipment. 


ee -——+— -- 
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" . 8h August 1954: Tue ran Blr turbine emergency hydraulic system was ` 


Buccessfuliy operated ir flight. 


25 August 1954: ; The first air starts were accomplished. No difficulties 
. ' were encountered. 


i 9 September TON А GAR-l missile was Tired at 25,000 feet pressure altitude, 
Second 8-80 airplane began testing with an extended nose | 
and large fuselage elevon fillets. Subsequent testing 
proved predicted improvement in supersonic drag, and in 
maximum рочер climb performance. 


11 September 195% 


15 September 195k: A gimulated landing vas made using ram air turbine hydraulic 
E ` "pressure only. Satisfactory control was maintained down to 
140 knots. 


29 Septemger 1954; A Msch number of 1.33 was attained at about 30,000 feet 
ia | Pressure aititude. 


| 
. | 
| 


^ 
Ы 


9 Моуёшоег 1954: Four 2.75" ЕРАК rockets меге fired at 25,000 feat pressure 
| | altituds. 


18 November 1954; Тһе first night flight of an Р-102 airplane wis made. 
| м 1954: Тһе first hooded instrument flight was accomplished. 
2 Decemver 1954; Flight testing of the "pilot assist" system was started. 


. 14-17 December: Three Air Force pilots and one Hughes pilot flew evaluation 
flights of the douole-headed control stick. 


Із December 1954: The first flignt of ап 98-90 alrplane was made фаны Ара 


ру December 1954: The first 8-90 airplane attained а Mach number of 1.2 in 
| WC level flight st 35,000 feet pressure altitude. 


"29 December 105%; The first 8-90 airplane exceeded 22,000 feet pressure 
: : altitude. 


21 January 1955: Highest attitude reached by ҮРҒ-102А of 55,130 Indicated reet. 


ANALYSIS О, 
PREPARED BY 
CHECKED BY * 
REVISED BY 


10 May 1955: 
June 1955: 


| 3 June 1955: 
223-1791: 20 Јове 95 


Я October 1955; 
1C December 1955: 
22, December 1957: 


4 January 1955: 


10 Jenuary 1950: 
| 13 February 1955; 
; ` 
С. 74 April 1956: 
NE 15 April 1956: 


1 May 1956: 
1 May 1920: 
iL May 1956: 
3h May 1956: | 


5 June-1956: 


23 July 1956: 


6 August 1956: 


1 August 1958: 


27 August 1350: 


мета == ROSE MEME 
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Highest altitude firing of CAR missile at 52,140 feet. | ^ | 
Air Force Phase II testing was completed. | 
Longest flight time o? 1 hour, 53 minutes, made іп ҮР-102. 

FIRST B-co FERRIED FROM Sar Diao 
Highest altitude firing of rockets at 53,050 feet. 
First طس لام‎ of trainer ТР-102. 

First flight of enlarged vertical Yin ол РОЗА. 
First МЕ-1 rocket jettisoned: from в. fixed pylon on YF-102. 

First Phase VI Р-102А ее to Air Force at ЕЛГЕ, 

Design speed of Mach number 1.535 reached in Е-102. 


First ‘delivery of Е-102А for Phase VII testing at Eglin АЕВ. 


delivery of ۸۔۶‎ for AF Armament Center testing at 
АЕР. 


ТЕ-1О2А flight with cut-down canopy. 
tacticel F-102A delivered to the Air Force. 
MB-l rocket launched from YF-lU2. 

First САВ-1 missile hit on drone (By Convair at БАРР). 


First MB-1 rocket, less motor, ejected from F-102. 


Compatibility of the Е-102А, MG-3 FCS and GAR-l missile 
demonstrated by destruction of а QB-17 drone at HAFH. 


Engine inlet scoop ап%1-1св system evaluation completed. 


Successful “Snap Up Maneuver" missile firings against в 
bigh altitude balloon target were performed at БАЕВ, 


The Е-102А reached an altitude of 58,700 feet. 


First Big Tail TF-102A Flown. 


Ам А YSIS қ 
PREPARLO BY 
CHECKED BY : 
REVISED HY ELE 


` LÖ Septenber 


22 Octouer 1956: 


29 October 1950; 


” 


` 3. December 1959; 


` 


- 


10 Decenber 1356: 


- 


га 
№ 
с 
Ф 
о 
E 
= 
c. 
rj. . 
| > 
ко 
мл 
съ 


; 14 Deeemuer 1950: 


` x , 


3 January 1957: 


2$ January 1957: 


February 1057:‏ با 


li February 1957: 


1958: 


| 17 Sevtemper 1956; 
25 October 1950: 


19 november 1956; 


-23 November 1950: 


‚ ёс December 1959: 
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Armament herdwarc und bay door load tests completed, 
Mlectroaic pitch "ы" limiter tests completed satisfactorily. : 

e f 
External fuel tenk flutter tests completed. 1 


| 
| 
| 
First missile firing from a 17-102۸ aircraft at НАРБ. | 
| 
| 
| 


ТР-102А roll coupling tests completed. 


* 


Aft electronics aree cooling: tests completed. 


Тос roll coupling tests completed on the Е-102А. 


TF-1298A buffet testing completed. 


Emergency fuel trancfer tests and main wheel ambient 
preusure survey have bcen completed. 


Р-102А landing light tests completed. The after-duct chees 
fairing, buffet investigation, radome anti-ice tests and 
pilot's panel vibration tests completed on the TF-102A. 


Successful ejected launching of a live M3-l rocket from an 
First emergency ejection of a pilot from an Fel JOA. 

Part I of 50 percent, 80 percent, and 100 percent 
symmetrical load factor flight loads cropram completed. 


External tank jettison tests and in-flight fuel trausier 
teste completed on сле Fellaa. 


Cockpit carbon monoxide tests completed. 


Drag chute deployment, take off and landing performance 
and speed brake effectiveness tests completed on tne Р-102А. 


First spin entry and recovery of the Ғ-102А aircraft. 
Pilot's instrument panel vibration tests, Stratos rofrig- 


ecation package tests and cabin temperature control 
response tests completed on F-102A. 


| 
! 
| 
| 
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at ааа‏ وت سں ہے 
кызыгы‏ 
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И DX 
5 : i 
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© 


Missile 22 doors with debris deflectors inatelled flutter 
| " tests and i 2.15-ізсі rocket exhaust effect on GAR-1 and 
NE | GAR-2 mised les completed. 


^ 
The 50 percent апа 90 percent asymmetric increments of 
desipn limit loads completed on tne Palen 


18`Еергпагу 1957: JOO percent agysmetric maneuver testa لو امت‎ on the 
` F-102A. 


Engine inlet duct anti-icing system tests completed in 
tne TF2102A. 


26 March 1957: Structural denonstzatíon flights sterted on Е-102А, 


2 April 1257: Plone. (with external tanks installed) testing started 
. on РОЗА. 


23 April 1957 


-. 


Bigh pressure pueunatics systen testing completed. 


26 April 1957 Spin tests completed on Р-102А. 


as 


22 May 1957: First goin entry and recovery completed on TF-LO2A. 

iy June 1957: Spin tests completed on 1Ғ-102А. 

25 Juue 1957; TACAN equipment evaluation initiated on Е-1С2А. 

June 1957: First production Case XX wing F-102A delivered to test‏ ے2 
base.‏ 


23 August 1957: Stability and control tasting started on Case ХХ wing 
Е-102А. 


FI 


5 November 1957: — $nap-up techniques evaluation initiated with Е-102А. 


19 November 1957: Structural demonstration of Case XX wing F-lOZA 
completed. 
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GENISRAL DYNAMICS 
Convair Division 


| Date: 1 May 1968 
To: Distribution 
From: T. L. Maloy 


Subjoct: MEMORANDUM FOR THE RECORD 
Ғ-102/Ғ-106 Data 


The following information was given to А. Н. Flax, Aoeistant Secretary of tho 
Air Force, Research and Devolopmasnt, by W. W. Fox ов і May 1968. 


Milestones E-102 E-106 
Firat letter contract August 1951 April 1955 
First flight October 24, 1953 December 1956 
First aircraft to use in Command George AFB McGuire АРВ 
Јово 1956 . April 1989 


Last production aircraft delivered September 1958 January 1961 


Сасодоғу Л complete May 1958 July 1962 
Category II. -complete January 1958 May 1961 
Category 111 complete June 1958 September 1960 


ГЬ, 


Military Flight Test 


TLM:gka 

Distribution: 

C. S. Brandt E. R. Gauthier W. D. Snell A. VanDuren 
В. Е. Ferguson М. Kanter 4. F. Snyder М. E. Wylie 
К. E. Foroberg 1. A. Payne R. E. Sommers 


W. W.. Fos J. В. Robinoon ` S. B. Stevens 


س م مص mare‏ م . - 


comfort, dependability and economy; by 1956 it was the standard medium-range transport 
on nearly 40 domestic and foreign airlines. * Nonetheless, the birth period was 

one of severe travail, consuming the company's resources and drawing it deep into 
debt. 

When the decision MZE% was made to enter the commercial transport field, 
directors believed the first 158 liners would pay off tooling and engineering costs, 
and that deliveries would be under way by mid-1947. The program was reassessed when 
it was learned that Martin Aircraft was bringing out the competetive Model 202, At 
that time Convair had an excess profits tax "carry-forward" of some 25 million dollars; 
at worst ^ot 
Ve өчесе could lose this amount on the liners and suffer a æra loss of only 
5 millions. The program went ahead. 

Throughout 1946 anà 1947, however, the Convair-Liner was beset by rising costs 
and uhforeseen delays. Engineering and tooling charges grew to $13,200,000 by the 
time the first Model 240 flew in March 1947, (Other manufacturers faced the same 
problem. The Congressional Aviation Policy Board surveyed the industry that year and 
reported this overly pessimistic conclusion: "The cost of design and prototype 
development of modern air transport types is so high that neither the manufacturers 
nor the air carriers can today afford to invest the sums involved,") 

Early orders for 120 ХХКЁ#И planes came from two air lines, American and 
Western, but thereafter the Convair commercial sales staff found the going tough: 
many carriers needed nêw equipment but few could finance ХКК purchases. In a highly 
competetive market, moreover, a costly malady slowed the production line. This was 
"versionitis," the major modification of a basic design to please customers, “{ ©те» 
wented-the-slief=contained“stairway~on*the=Left“side;-another..on,the.right;-for--- 


Бем ЕБ... ) 


stirr "another the stairway wWas-redosigned-for-dinstatraátion-afo- 
Малл 47 ۱ 
Prejecting wartime factory production curves, the company had concluded liners 
^ 8 


Ал МА | 
could be built vi kema en 30,000 man-hours of direct labor. Redesign, material 
г 


shortages and other factors had boosted the estimate to 55,000 hours by the fall of 


+ 


122-1 


| indicated poor L/D (ratio of lift to drag) 
Model 7002--The only/disadvantage was G dC quier Mad at 


low speeds, and the Air Force азжеей in November в construction 
research 


of a full-scale 0400072 pu 0 using a standa rd 


jet power plant, for # ہو رر‎ ves е A evaluating the mam configurations 

"fo ہش کے‎ E S O سرن‎ funds, the contract specified 

с ЛӘ Зипошинихова##Зойоконуеажвхакахата ty inr Ekra peri yir that the plane be built 
"in the shortest Жи possible time using available materials. No attempt shall 


be made to meet existing Army speicifications..., Existing parts from other airplanes 


К Convair engineers managed to 


shall be used where possible." 
work into the design the main landing gear from а 4Ғ-1, nose gear from a P63, 
pilot's ejection seat from a ҮР-81, and other hand-me-downs, ) e 
хилти designtd/this Aten! hag d ) 
Tne model was Para 7002 (which happened to be о order number’ y 
| ہی پور‎ d led | 
E " ا کہ و اما‎ the Air Force kexzgzxkmi it xj-s2A, ve 


\ | collateral 
aletingut sity At from the smriisr ramjet Шилкдит project, The design evolved as 


engine 
а midwing monoplane with thie /ai air intake in the nosog KXWRKXKEKI 


&ixxms The wing xXx extended ~baekmalmost the length of the fuselage, requiring a 
radical change from conventional tail configurations, A trinagle-shaped vertical 
fin was mounted сп 4 ве-Еевефере, with rudder in the trailing edge; the function of 
) 
&irlerons and elevators was combined in "elevons"y set into the wing trailing edges. 
Construction was well along when Vultee Field was closed in the summer of 1947, 
| | D: $. Doe AX As 
and the plane| less engine} was completed\at San "iego that fall &*d shipped оп а 
| li бл. | qi. ^ | 
_ Navy cargo vessel to San Francisco, whense—it—wers тке во FALACH رع‎ Aeronautical 


fuli-scale 
Laboratory, Moffett Field, for/wind tunnel tests, These verified previous small-scale 


| Б | 
tests and XY-92A was returned to San Diego CrfEZERae| thumbing a ride on the aircraft 


carrier Boxer). 
impro 


3 ортото Jeki pona: pik 
In the post-war decade jet e improvements seldom zexn 
дн 


` serial T ий. as soon ОЙДЫ 


ОЗИМ, 1946 that the с.к. 1-40 фав) 
Добра п 1946 that the С.Е. I-40 or 006675] Pratt & W hitney Nene would 
offer thrust ratings qf 7,000 to 8,000 pounds by the time XP-92A was ready to fly. 


Ronexzplank2kexeioxumnkexgumxzkoxdudxte Th 


— جح‎  — ——rF-V —._————_— ———--їүө———-— — ——— ma a a Е- 
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ctt was fitted with the Allison XXXXK 735-421 (nominal thrust 4,600 lbs) 


(гӯ‏ متا 
and Зере to Nures apri 1l, 1948, to start taxitests, The improved dash-A25‏ 


was substituted that summer and the plane flew for the first time wA 18, with 


test pilot E.D., (Sam) Shannon at the controls, (He reported perfor‘ nee generally 
hydr&ulieczsystemWé response to 


satisfactory, except for өлеттесте, Тар. Да Иврай ек зи 2 рнажвщажва stick and 


rudder XXEXXEEXEJXIX signals), 


Up to this point, the Жежвжек ид devotees of the delta wing РА few кух. 


the radical configuration ВОИ ее enthusiasm within в iiim + the S SOMA дие мж 


rir oor dde TE на AS the test program 


Plans called 


for к it after. 50 hours gis ep ژ ڑوت‎ жағы ڈوو ھچ‎ AE 
evaluation 
75253 with а 30-hour/kmsk program of its own, smi 


xuntadiokinuxinedaxztnenxba@Azmagimemrex and NACA became interested, After a йвхин?9 í 


dash-A29 engine was fitted in May 1951 (5,300 lbs, thrust plus afterburner), the 
at Edwards 
Air Force and NACA continued testing a£ the heavily-instrmented plane/for another 


year, 
Test pilots 
xUkzXyxexbkorixshkexamonpgzzexrzigszfiiexrsxwBvz& Capt, Charles Yeager and Ма j, Frank 


K (Pete) E' erestyzkixzkRoxoszkoshxpiimtzgxbxEiwxvzdsy did most of the early evaluation 
found Дф раме 
flying for the Air Force, They кҥрыкїкї the,plane ea sy to maneuver and land, and 


exceptionally stable in the transonic region around Mach „9, The aircraft lacked 
faster than sound 
power to reach Mach 1 and is known to have gone/smpexxmrix only once--when Y eager 
to put | 
flipped it on its back апа pulled 4 G's ужЕЕКХк it into a vertical power dive, 


Nomokamiuszgxümev&irxonsinuóorsewmbmé. Convair engineers were satisfied they had 
found а supersonic configuration, Іп 1951 the opportunity came to prove it, 


e "1954 Interce 


or" Competition-- Назбу post-war demobilization left the 


rom air attac 
country almost undefended/in 1946-x ame coastal radar xkxkimms installations, 
one squadron of P-47 day fighters and one of P-61 night fighters, Lem, ورس‎ j 
Е: ord تب ا ہے ے۶۹۵‎ 0 


ease ee пет . > a ae 


producti open, 1952 


1la== 3 


the of Russian Жинрикянди‏ ,دد 
ivents abroad beginning in late 1947 (ев ду appearance/the /TU-4 Ежлди‏ 
ng рр.‏ 5 


хиики bomber )--showed the need for a defense кууп capable of countering an inter- 


continental attack by high-performance aircraft, An interim | 


organized; elements included the F-89C and F-94B all-weather interceptorsy and the 
defensive wea pon 
"Lash-Up" radar network, tuxhnpasxofzdexatopingxax To develop a better/xyxkam by 


the target year 1954, the aircraft and electronic industries were asked to participate 


in a conference at Аїг Force headquarters in May 1949, 


Here a new approach generated by Gens, Muir S. Fairchild and Gordon Р, Saville 


yeapors=ayetem, Instead of issuing rigid specificatigg 

fire control 

and calling for bids on various sub-systems-- airframe, engines, axnixmaxk--the Air 

needs and asked industry planning 

Force stated its XoxüzztüxiximskegzunizinzikoX particheation іп йшин}шюхи an — ہے‎ 
The conference gp? I 

integrated weapon, ڈوک‎ agreed that the limiting factor хахир — 

in developing : 

MET وم‎ а 1954 weapon 7ھ‎ Was the “electronics environment'-- 


was introduced 


{ Force stated t= problem and asked industry to submit solutions leading to an 


integrated "weapons system," It was agreed development of R fire-control dese 


would take longest and should be started first, A competition led to selection of A 


Тпеквирвих 2; г, 
5 Hughes Aircraft Co, design in May 1950; ЯЛБЕВЕБӘК the airframe competition wee 


ume & Convair, Lockheed and Republic 2 
openeds In June je سی‎ XWEZmXxXzixz wore selected to ES with preliminary 


development wesley in September Convair's delta wing interceptor was picked for the 
P ا‎ 
job and designated the F-102, 5 


| ТЕ | ма Дал | 

Arte poils Ene peessstd жайра ua to ілдікйесопвісб of an airframe 
projected А 

powered with the Mr ight J67 jet engine (expected to pack a thrust of some 15,000 


lbs); the Hughes МА-1 fire-control system, so sophisiticated that it could. take 


p d 
over most юёхкин pilotixz functions; dd the GAR-1 Falcon homing missile, wibh бл 
$ that 
bed rockets. It was soon realized/not all 
a 


of the advanced features could be developed in time and/lesser interim Program was 


a secondary battery of سوا صن‎ 


substituted--the F-102A plane, powered with the smaller Pratt & Whitney XX 257 


engine; aad the Hughes MG-3 fire-control system, a partial development of the MA-1, 


Xf--13. 


16 complex and virtually automatic subsystems. August С. Esenwein, manager 
of the Fort Worth Division, reported that nearly 3,000 subcontractors and 


ANAS. " 
other suppliers had-bedn brought into the Be58 programe 


EDEL (take page ХІ--14) 
Project Bumblbee--Next to the family of Delta planes, 
the 
In addition to launching the delta-wing fanily,/Vultee 


Field хипиякией engineering staff Е 


I,, addition to building 


The Vultee Field 
Project Bumblebee--Next to delta-winged aircraft, Convair's most important 
roduction by 
military/kxrzigxmwrkxin tho mid-Fifties kxuxkesn was missiles. This line m£ 
also derived 
Boxeiopunxkxxixwxxtzxwewmü from carly post-war research and development at Vultee 
Field. In this case, the impetus came from Project Bumblee 
It started with the Navy's effort (beginning in 1944) to find an answer to 

Japanese КжийКних kamikaze (suicide plane) tactics. Studies pointed to an ideal 
antiaircrat weapon not yet created: А beamxfntionineaxvangjekrwminsiias ramjet- 
powered, beamefollowing missile, capable of ranging 40,000 yards and attaining 
velocities on the order of Mach 2. The Bureau of Ordnance enlisted the sid of 


the Applied Physicis Laboratory, Johns Hopkins University. 


= a, pointed nose, but 


ле, m at 
back, ан тс хи the waist 


tore 


slung well ahead of khe wing leading edges. The plane Аіяхій taxied  kipghxa&bbxró: 


khwzxruüündxerzgzt£iktsitkeon tall, almost stilt-like tricycle landing sear The 

Air Force released no information of the B-58's construction or performance, 
&pprox / 

beyond bewe dimensions-- span 56.58 


"n. ۶ | s | w 7 
height ӘфеабәзфеБыӛтонәз . The crew of three wasaka includefpilot, navigatore 


bombardier and defensivef systems operator. 
[۷ x. 
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The B-58 « а 1951 Air "arce سیر بت‎ for a supersonic bomber, to 
operate at altitudes above 50,000 feet, The plane was ordered into initial pros 
duction in mid-1954, Under а new weapon system management concept, Convair-"ort 


Worth was given full responsibility for procuring and installing all equipment 


‘August С, Esenwein, manager of the Fort 


except the government-furnished engines. 
Worth Division, reported that nearly 3 [000 subcontractors and other suppliers 


were involved in the B-58 program, / 


subsystems, PEE ےہ‎ 
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Description 


Js (Cont 4) available. Air or helium was blown over 


the upper surface of the flap through a 


Ғи11-врал constant-taper jet slot located 


near the leading edge of the flap. The 
orifice gap was .015 inches at the flap 
root chord, and „005 inches at the flap 
tip chord. Superscript numbers on J 
indicate the flap deflection angle in 
degrees. 


Same as coanda flaps 4 except: the out- 


board 2/3 of the jet slot was sealed, 
Blowing was over the inboard 1/3 of the 
flap span only. 


Same as coanda flaps {з except the jet 
slot in the right hand wing panel was. 


Қалы T 


sealed. Blowing was over the left hand 
flap only. | 


Lower wing surface jet slot; located at 
the 85% station of the wing root chord 
and extending from В. ہا‎ 2.913 to B.L. 
18,899, The superscript letter on the 
configuration symbol indicates the ori- 
fice gap settings: 


а = .020" inboard, .005" outboard 
b — 007" " I . 007" ti 
с = ,012" ы ہے‎ (191 5” 
а = 018! H , .018" " 


Same as jet slot JU, except the outboard 
1/3 of the slot was" sealed. Blowing was 
through the inboard 2/3 of the slot span 
only. 


Same as jet slot Jig except the outboard 
2/3 of the slot was sealed, Blowing was 
through the inboard 1/3 of the slot span 
only. 
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MODEL JET FLAP RESEAR 
+ DATE 


“Җа, Ref. 
Ома, Ко. Page Мо. 


ҮЛ 56-82100 = 


1756-82100 = 


WT56=82104 9 


NO. 752 1/3 


< 
© 
3 
= 
ш 
Q 
< 
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эт СС 


1 April 1959 
| Meme Мо. Р5-8-52 
В. С. Sebold 


1. В. Ottem 


Standard Aircraft Characteristics Charts with Substantiating 
Data for the Ё=102А dated 1 Octobe? 1958 (Confidential) 


| The attached copies of subject publications are being 
submitted in accordance with Instructions contained in Report 
Authorization and Record 71-21 dated 9 August 1956. 


б 


` be E. Otten 
Senior Project Engineer 
Mail Zone 6-133 


VSMs:DFD imma 
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CONVAIR 
A Division of General Dynamies Corporation 
San Diego 12, California 


"Letter of fransmittal to be In reply refer tos 


sified when documents LEO sEMB ашта 


Subje ote 


Attention? 
Thrus 


Reference 3 


Enclosures 


LP o #6765 
Log #3-59-448 


13 February 1959 


Contract АЕЗЗ(600)-33695 

Model Е-102А Airplanes 

Standard Aircraft Characteristics 
and Performance Data =. 

Submittal of 


Commanding General 

Air Materiel Command 

Asronautical Systems Center 
Wright-Patterson Air Force Base, Ohio 


UCLSD-5 
AF Plant Representative 


(a) Table 207, as required by Item 4, 
Part I(a) of Subject Contract 


(b) Military Specification MIL=C=5011A 


(А) Convair Confidential Standard Aircraft 
Characteristics Charts for Fe102A 
Airplane dated 1 October 1958, consisting 
of ۵ھ‎ photographs Title "Page, Pages 
2, 3 9 M 5. 6 а? 

Convair Confidential Report 24-8-012, 
Revision 1, dated 15 October 1058, 
"Performance Data Report for the Ре102А 
Flight Handbook Appendix Т" 


(C) DD Form 250 (modified) P.S. #263878 
dated 13 February 1959 


‚ RECEIVED 
FEB 19 ‘5g 


DD 254 ү е 12-12. PROJECT 
Reclassified by: LLY APB TEX. . ось 


=” є, г 
қ 


CONVAIR 
A Division of General Dynamics Corporation 
San Diego 12, California 


Letter of transmittal to be 
declassified when documents 
are detached 


To: Commanding General Ltr. 26-765 
Air Materiel Command Log #3-59-448 
Aeronautical Systems Center 13 February 1959 
Wright-Patterson Air Force Base, Ohio Page 2 
14 Enclosures (А) and (B), prepared in accordance with 


Reference (b), are submitted in compliance with the requirements 
of Reference (a). | 


2e It {з requested that the Contractor be notified of 
aeceptance of the enclosed data by returning five (5) copies of 
Enclosure (C) signed by the receipting officer, addressed to 
Convair, San Diego 12, California, Attn: Н. Ao Kayes, Acct/Bill, 
Bldg. 19; Plant 1. 

| CONVATR 

A Division of General Dynamics Corporation 
(San Diego) 


-/ Le He Ottem 
senior Project Engineer 
Mail Zone 6-133 


Distribution? 
АМС (6)w/1 glossy mounted print of 
Encl (А), w/2 Enel (В) and 
w/5 Enel (C) 
AFPR (3)w/o Enel 


сс: Dayton Office (2) 
Contracts 
: y Alkazin НЕМЕН 
oore &iassiflogtion Changed tos 
5 D Berling Bak | | 
Engr Files” UNCLASSIFIED 


Model 8 ۶۸۰ھ‎ Authorized by: SAMIA феде 12-18-66 


Projeet Spee Group (2)6-122 ! DD 254 ШЫЛЫ АРВ TEX. 
И Proj Spee/Daniels Reclassified ty: Dept, | Bite 
Aerodynamics 7 


a — мд 180-1 HE 
Aect/Bill w/l Enel (С) Z £, thay 189-23 4-4-67 
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ЕТ | pate 27 Мотейег 1959 | —— 2 /. s 
то Ri Е. Somers р 7 
SUBJECT Visitor, American месін» & Foundry со.» 7501 М. Watchos Avo. Niles, Illinois. 


|i. не, А. R. аи , wae а visitor at this Base, 25 
| em UN OX: Company eded 


is designing 8 wundergro سلپ‎ for the Р-108. Нети 
(rensnte ав to size and space пфсевчару to‘neintain airdieft 
کے‎ гез sag бетті Zero „Мына cápebilities. ТЬ 58 understood, by this writer, that 
less чалы ‘niselle;meintentnce WET be done in this hangers аа 


жаз given information that is in Т.О, 1P-1024«2-2 Ее, ТЬ wis recomended | Р 
بت‎ contact Convair, San Diego, for additional information, as nedded. 
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During the month of Jam 60, the llth FIS, at Duluth АРВ, had а ohange 
of Commanders. Maj Mmeon former Commander was transferred to SAGE 
Combat Operations Section and Maj Robart Со Tomlineom assuma 6ء‎ 
Maj Тез зов , has over 4600 hours of Jot timo, only ono other pilot 
currently іп tho Air Fores hao more jet time than Maj Tonlineon, Мај 
Tomlinson has during his carome flown with tw» (2) serobstio teams, 
tho aesrocjets end in Europe with the Sky Blazera. 


Durgng the middle of January Duluth AFA wae visited by a F106 Team from 
ENT AFB, ADC Hage, Major Joe Rogers and Mr 0. S, Schendol Convair Rep 

et ENT, The purpose of the visit нап to ораси on Airport, Ground Equip, 
and Simulator facilities at Duluth APB, Maj Rogers also gave a short 
briefing on the 2105 and its operation. 


Tho big nove around Duluth AFB at present із Projest Count whioh wild 

be held Аўт Foree wide from ? Feb 60 to 25 Feb 60, Much time and effort are 
being expended to make the inventory ao complete and painless as possible 
Hall» Project Count is on flying will be curtailed to soms extent. | 
Target tino fos Duluth AFB has boon sot at 409 kours for Pob o 


Duo to the large number of 500 hour inapeetions new im pregress and to 

cono to tho aircraft assigned to Duluth АРВ. This base requested Dopot 
help and at tho present tims eight (8) civilians from OCAMA are on lesu 

to the 33۶8 CAIRON despite the Расе that they are primarily 852 moochanies 
thoy are doing an excellant job, and adapting themselves to the Fl 
with the minimum of troublo,. This Representative пап had cecassion ta 
talk to them several tines and during the воџтзо of the conversation 
asked how they liked working on the 10202, the two alectricians in the 
group said vorking on the F102 was heaven compared to the B52, this - 
Bontimont was echoed by the hydraulia spedijaliste, по with the help of 
the depot mechanies tho 500 hour inspections are going ав smoothly as 
Gan be exposted with the main hiteh being lack of parts necessitati 
Continows АОСР and ANKE itemse 


On 27 Jan 60, as per instructions contained im Immediate Action TIA 
received оп 7.02 129-202-891 , Throttle linkege inspoation o A11 

е4тога?% wore inapested and adjusted per T.O. During the course of the 
inspection four 14) locking Plugs on the aft Throttle Telefiex assy 

were dáscavorod to, te in dangerous conditions three (3) airsraft vere 
 fouad to have the toloflex pralsaded. | i | 

Look Bolt Replacods 361502, 56-1510, 56-1509, 5622490 

Teleflex Proloadod:s 56-1909 in exseas of 6 turns, 55-1489 2 turna, 56-1470 
& turns, 56-1471 1 tama. 
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DISTRISuTICN 


REF. 6 EMCI. 
| Sortics 

total aircraft tins for “arch "518240 

Total 59-102 tine 457330 580 
Total ТҰ-102 tine 51:10 32 
Ауеготе tine per aircraft (24 а/с) 21.6 

Avernca tine oor 1..1202: 1 

ауогасо tine ner 79-1221 35,0 

iverame 21085 ( 4090F ) ЖЕН 

Average Operational цсайу 6567+ 


Pho sqmadron hac a flying tine 14.15 set by cho S6éth, sings 
"po the 1171$ for .arch was 450: hours, 16 a result it was 
escegsary to carry over 58 hours into ipril, It io very 
difricult to schedule the tino exactly as this usit is facod 
with пану “Live™ goramblos дъга tho month. iS on oxusaple 
ono ‘ау thia полбл thera “aa to be a standdoun feon flying 
ав we wero far ahead of Che schedule and thot dey че flow 

18 sorties оп active sir intercepts. 


про squadron participated in а USAPU ir 2efonso exercise 
in warch ond did an outstanding job. In a nine hour реге 
іой we flev 45 sorties ( 46 8560(1 one aborted due to 
a starter fuilure ), wore turned onto the attack voctor 
55 tines айй of the 55 attacks cot 24 accessed radar kills, 
^ тво До optics ond опо rocket ‘optical, for a total of 

29 out of 25, “ho exorcise was ataried with 20 aircraft 
oooratLonal eondy out of 23 aircraft рос золоодое Ono of 
our nireroft is out due to structural палате and one air- 
craft was at Torino Italy bein; painted. ће other threo 
were in periodic inspection, At the complotioa of the 
excreing there 13 siroraft onerational roudy. 


it present there aro theee pilots from Zorrejon here for 
а rochock in the #102 aircraft, one of thom 13 the forner 
commander of “һе 482 МІЗ at seymowr dohnson, 25001 (попав, 
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(227) 1, Confi:zuration Six vork is ИЙЖАК hove оо праам vish 
Schedulo3 complotion sot for the 40th. oi Juno, but 
this cannot be accomplished as the squadron "i not 
roloaso more than tuo aircraft to the TOTO teum at 
ono time, 118 was the pniacako that was made on tho. 
сз previous 1020 program herogtho 200 procran at tiros 
; hod six aircraft in work, Who Confizuration ix лог 
ig again being supervised by GAARA personnel anl the 
р work bain: done by employees of FIST Aircraft Corr, of 
palace” КА Torine, Ibalye 


2. 1[تات۹1 ا‎ ٢ت‎ of the 7-2 aircraft assinned to the 523th, 
bogan the 15th. of Иагей with une delivery ог the 
fim 3t aircraft to the FAIT factory at Torino, Ital;, 
“ре second aircraft was delivered the 22nd ог larch, 
“по expected turnaround tine thore 19 15 days, but 
tho couteact only calis for sixtecn alrcrift this 
fiscal yoar. The contract price was 548, 10292 Tor the 
first sixteon aircraft, ЗЛАТА has sent : д roprosonta’ 
tivo to Torino аз they fool that 0 is not а 20e 
quirenont to eonplotày хора tho ont ا‎ ٥33.702811 

По Local air force personel of course tant tho 
Мата aircraft painted ag the provious дътемрез at 
touchine u» the snips has not turaod out vory [vello 


Sho air force personel that were Seal со the ЖУ 
tat factory to brain the ‘Lab porsoanol on tho Fe 
102, stato that the Fiat pergonncl vore suite iuproge 
sed "ith the aircraft and have every measuramont of 
tho "bird" down on papers thoy were very 1۸7 9 
with the hich pressure air system and 1079260056 Шоу 
Gould uso а 01111102 syaten, he monoral f | 
don’t bo surprisod if 1145 produces a 
+ ey VOLBLoI ОР eno TIG. а Рот ۸٥١ 


— و و و و و و و و و و و و و و و‎ 71S 
э. Того are no major problem area's in maintenance! 


4. Yo work Нас bogah on aircraft 56-1250 to ropair the 
Даша о caused by the uir flask failure, Only 502 of 
the required parts sre here and not the structual members, 
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REPLY: REQUESTED. ves CI. „мо в GEND REPLY FO тт ет 
suomer___Pilet Choo k out List at this insta llation 


. REF. в ENOL. 
Thio fo complete lig ¢ of the pilots who have check ed out this ' 
рә Ginse tho а relive 1 of the F-102's в $ this unit. 
This list inclédee the pilots who we га sent hors from othe r 
I Рова پوس ود‎ кеки ید‎ зас ` 


ч 


RARK - NAME Timo of Cheka Ogt. А/С S/N 
| Cg p t, Disler Harry С. 182 FIS “Jul . 5, 56-1459 | 
f Co pto - Realy, June ا‎ 182 FIS _ Jul Ty, 1527 

{ма jor, Straw, P.D. 2 182913. +. Юм. 1518 
| 1€. Sol. Моотә ; Leon: “By 159 Ja x Ша. $9'Jul “` . 3462 
I, 3, Coi, “Taylor; John М. 159 PIS 'Jex Pla 9 Jul 1459 

‘Ma jor, Higg ine, 2.8, 159 FIS Jax Fla 12 Jul 1485 
Lt, Col, Crump, James T. 1822 RMS ` . 12 Jul 1448 
“ба pt. - Eva ng , >- > .. 159 PIS Jax Fla. 13 Jul 1370 
ls $ Lt. Roba.res , Chas. Н,. 122 FIS Мем Оте, 15 Jul 1502 

4 Ga pt. Koorehouse, М.В. 122 FIS FO ЦА, 13 0 1447 
‘Ca. pt. Line oln, Donald 111 #15 Houston 16 Jui 1508 
[Са p t, Heina n, В, 111 FIS Houston 19 Jul 1518 
|. Ca pt. Ca va.na ugh, J. . 122 PTS 80.0, La. 19 Jul 1452. 

Lt Gol, Та Flor, Robert, 111 FIS Hous ton . 15 Ju. 1485 
| Ca р t, Evana, H. La 111 213 Hous ton 16 Jul | 1462 
‘Major,. Moyo т, Ма Ate r P, 111 FIS Houston 2X Jul AF Advisor 144 
ht Gol, Dide ат, N.O. ‘Wing 6.0. Della s 2 8 Jul 1370 
Col. وت‎ ہ٥‎ , Р.М. ‘Sr. Wing ADC Advisor 29 Jul 1431 
| 18 t Lt. Ма ha m, John, 382 8 3 Aug. 1447 
із tLt, На miltom, За m,  ' 162-FIS 3 Aug. 1438 
ka t Lt. Novitt, RR 182° 5 3 Aug. 1462 
їв t Lt. ` Blacks hea г, Herold, 182 РІЗ 4 Aug. 14323 
ls t Lt, MeCoullgh Gera ad 7192 FIS 4 Aug. 1486 
Ca pt. Dg vio, Willis m R. 182 ГІЗ 4 Aug 1447 
Са р t, Dold, Robart P, 182 FIS 7 hug, 1370 
Ce p t. Berchelman. Stevens, 182 FIS 13 Aug, 1487 
Capt. Ре г ry, Richard, 2 es 12 бәр, 1448 
Ma jor, Ste wit, М.В, "В tek" 182 10 Aug. 1431 
lo t Lt. Lloyd, M.A, 182 mS 20 dug, 1502 
Capt, Ford, Не mman С. 182 FIS 20 Aug. 1508 
^is МА.  Molberg, Cha s, P. 182 РІЗ 24 hug, 1518 
Ca pt. С oodma n, Robert D. 182 PIS 24 bug. 1448 
2nd Lt,  Drinkill, Robert C. 182 РІЗ 24 Aug. 1431 
lat Lt, Jospeh, Marion 4, 182 FIS Sapt 1 1465 
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CUSTOMER SERVICE FIELD REPORT 
ھ0‎ 7۳ ۱ ‘FOR CONVAIR USE-Only 
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„oase _ Kelly, АРВ ЗА Tex 


AFI OA OO a SERIAL pi ТАМ " 
` REPLY BY REPLY REQUESTED. ҮЕЗГІ МОС) SEND REPLY 
TUN — Pilot Chank out list в % this ino ta. lla. tion 

== | 
| кисувиунан EE NEE | | | | 
(йр | OTHERS RANE NAME, | ORGY. TIME ОР OB A/C-S/N 
i n a Е | i " 
um CE) |... Anderson, Robert А, 18244 FIS | Sep t1. 1447 
Pu | Сар t.' , Мера. niel, БН, . 482 FIS . Sept 2 '1459* 
Sh 18% Lt. Bec irdolt, Roll 182 FIS дер t. 1. 3502. 
x пе Лаф ЕК Coats , J.H, 182 FIS | apt: г. 2370 
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а Е. S. CHAMBERS | 
ғ 11 | 
° ] oare 2 ے‎ а | i 
® < DM l 
Ее по 136 "E 
Bus š. 2 | i 
т 8 You requested extra copies of the I 
d 8 Lanphier low price quote to Everest 
4 for distribution to USAF Commands | 
y 


in Europe. Accordingly, transmitted 7- 
herewith are ten copies. 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
Son Diego Division 


| АН: ‚ 
| 23-2-0 
26 February 1953 
Subject: Contrast AF33(600)-5042 = Model B Airplans e 
Consolidated Vultee Aircraft Corporation, 
San Diego, California e ۸864 
Cartridgo-Operatod Lap Belt < ECP #2 
Tos Commanding General, Айт Motoriel Command 
Wright Patterson Air Fores Bano, Ohio 
| --- 


Attention:  MOPPAFÓ (wCOWrSs) 3 


Vías 0253006 of the AF Plant Representative 
Western Air Proeurezent District, ADC 
Consolidated Vulteo Afroraft Corporntion 
San Diego 12, California 


Reference: (а) АМС ltr, HOPPAPB/BBM/lmh P«102.11, 


dtd 3 Decenbar 1952 


Inslosure: (A) Engineering Change Proposal ECP CAC-F10222, 
with atteohnents Exhibit PAP ond "B", and 
Specification Changs Noties №, 2 
(B) Change Order Coat Estiznto Sheet (2 родео) 


20 By Reference (а) АМС notified Contractor of. the mosd for 
the substitution of а different typo Life belt than that now spcoificá 
to be used in connection with the automatics ejection coat on the 


вир вс airplane. 


2o Accordingly, transmitted herewith аз Inolosure (А) and 
supporting data із ECP #2, whieh proposes tha substitution of an 
autonatic-opening esrtridgosoperoted lap bolt with an initiator equips 
pod with a two second fuso, whieh equipment will be substituted for 
= type Balê safety bali on all airplanes. X$ I un bo noted that tho 

 eopios of opeoifiestion covering this ehonge are mado a 
с чы supporting data transmitted ынаны таа 


<) 


| 22-2-20 
Tos AMS 2» 26 February 1953 


go Continued 


2% ahould bo further noted that the proposed change will inercoso the 
véight of the airplano by 255 lbs and will affeot the balanco by 


$ 480 in, ibs, Coat vili bo 6469 бу 92,732.32. 


3, it 46 requested that ECP #2 bo formalised Яп а fortheoming 
coatractual кыш on tho bagis of this proposal: 


CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diogo Division 


ве: Wash, Office 

. Dayton Office 
6. А» Calvert (2) 
T. №, Hemphill 
8. Re Hoovor 
В. С. Редогвой 
C. №. Meador 
М. Н. MeCreary 
Р. J. Parker | 
Eng. Spec. (4) 
ECP #2 


5942 Chron. 


и 


bum Nahe ме дана EINUINEERIINS (L7 Blank] 
COMO D ЕЙ VULTEE АСКА CHANGE PROPOSAL м 
San Diego, California ANA BULLETIN NO. 390 
ЕСР №. __ DATE CONTRACT КО. ARTICLE IR PRODUCTION ( LEAVE BLANKE) 
| | сдс-т2022 26/53 | AF33(600)-5942 ves В но П 
NAHE OF COMPLETE ARTICLE (әнін, PROPELLER. CARBURSYOR, ETC.) | МОРЕ) ОП TYPE DESIGNATION AND SPEC. HO. CLASS NO. (LEAVE BLANK) 
2 | Interceptor Fighter Airplanes = 7-102 6 Е.1024 20-8-001 
PANT OR LOWEST SUGS-ASSEMBLY AFFECTED HOMENCLATURE | PART МО. AND. MODEL OR ТҮРЕ (ІР ANY) 
3 | Pilots Safety Belt Automatic Opsning Lap Belt | Аегио 45-1711 
NATURE OF CHANGE GFP YES HO 
| Р AFFECTED Gr С 
Change fro o B-18 lap- 7ر‎ belt to automatic- | 
Date В XP-102 4 
opening eartridge-operated lip bel a ee: 


4 See attached Specification Chango Metis Ho. 2 for specifiestion 
change, effect on weight, balance and performance. · CHANGE eee One 3. 
Sse Exhibits "A" and "B" attached hereto for description of МРАКА | Y102. 


change and details of weight, and balance changes. ` + 
Initiated by Contractor Li 
REASON FOR CHANGE FOR 


1. Compliance with New 


То install automatic-opsning lap belt for ejection type seats. or Revised Spec. Мо 
5 Sse Exhibits "A" and "B" attached, 2. Fix for RUDM or UR Proj, df 


3. Compliance with PA Directive — —— — 


| 4. Othe l aa 


ESTIMATED COST PROPOSAL FOR CHANGE IN PRODUCTION {For purpose of allocation of funds) 


6 D 7 2.32 
7 ESTIMATED COST PROPOSAL FOR KITS OR PARTS For purpose of allocation of funds} 
Not applicable 


CHECK ALL ITEMS LISTED BELOW AFFECTED BY CHANGE AND EXPLAIN IN BLOCK 5 OR BY AN EXHIBIT 


OPERAT- SPARE PARTS 
IRG PRO- EXHIBIT 
CEDURE 


TOOLS е DURABILITY 


EQUIP- 
RENT 


INTER- 
CHANGE. 


COUBAT |PERFORU- WEIGHT AND 
EFFEC- ANCE BALANCE ОП 


TRACT WT. 


MAINT. 
PROCEDURE 


no 


ves Г] 


ERECT. û НАВТ. 
2 Жж 
PUB. НО. 


AFFECTED 


9 “ESTIMATED SERIAL МО, OR EFFECTIVE POINT IDENTIFICATION AND DELIVERY DATE (if firm so качы) 
۶ 48527904, АЕ52-7995 and AF53-1779 and Subsequent, (411 өйгрізпер 


Does Contractor Recommend thot Change Be Mode Retroactive on Articles Already Delivered to the *P/ ? yes Û] но $] is Senice Bulletin 
REASONS FOR RECOMMENDATIONS: Recommended? 
P 5 
| D ра | Ves но 
Lines 11, 12 and (Е below shall be compleletl only for changes. when the Contractor recommends 3 
or the Procuring Service directs that the chasge will be retroactive, га 
SERIAL. NUMBERS AFFECTED (AF and Navy Contracts) < 
1 < o o 
From d erra то SOURCE ФЕ panta e APPROXIMATE DATE KITS AND PANTS WILL DE AVAILABLE 
{2 THE FIELD gl FIRST KITS n RATE OF DELIVERY 
-4 
" x; Оа 
UST SPARE PARTS AFFECTED BY CHA INGE «a «4 
E 
D ез Е 
13 5 © 2 
rm 
" © Ri 


“PS —Procusing Service = Department cf Defense Form 604, dated 10 Ось, 1951—CVAC-SD—Form 17048-4 
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VULTEE AFRCRATT CO кәне | 
San Diego, California. 


> í ` " 
conTRacr,.4F33 (0007-59 


AUTHORITY AND REASON FOR CHANGE: ARID requests 
ing iap belt for ejection tvpe seats. 


a... 
inst 


PARAGRAPH. CHANGE 
NO 


at 


АТ 


lation of automatic-anen- 


- 


ACCOMMODATIONS ТОҢ PERSONNEL: 
Change: 3.19.1.1 Ап ejection seat shall be installed for the 
pilot. The seat shall include provi ion гот 
fi2 attachment and use of a Туре 2-12 ian-tvpe 
safety bolt and s Туре 5-3 shoulder harness. 
The seat shall aceommovate Бос pilot wearing 
Lhe emergency rescue equipment srecified in 
Paragraph 3.19.6. 
ы Те: 3.19.1.1 за ejection seat shall be гзса1е1 for the 
| piiot, The seat shail include provision for 
са attachment end use of ап auton catic-opening lap 
type safety belt and a Type G-3 shoulder nar- 
ness. The saat shall accommodate the pilot 
wearing the emergsucy rescue equipment specified 
іл Taragraph 3.19.6. 
Effect on Weight: 42.5 lbs 
Effect on Balance: +440 із. 158 
effect on Ferformance; Rone 
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( ^ AIRPLANES AFFECTED 
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FORN 6168.2 


5 ^ 
me amem ы و‎ "——————————— IQQ 
" 
^, i 
; fe 3 ” 4 
И 4. д ان سس‎ 8 етте (quet ч жч з жота сыч ШШ я я Ял ешш =: 


م ———————-— — 


© 


SPEC. МО........ 2-8, 
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FILE OPF. Рб. e S S 


-001 (Rev 1 Dec 1952) 
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CONSOLIQAT 
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SOPPUPS TION 
San Diego, California кышы x 
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LD VULTEE AIRCRAFT 


SPECIFICA 


БЕ - 
INFORMATION | 


SECURIT ۲ 


о НАТЕ “1 


کر رر رر س تت 


0و 


vw w 1-7 


GHANGE КО...........-2....-........морЕ....т102А_________.__вкубЕО....................................... 


CoNTRACT. .. AF33 0 


AUTHORITY AND REASON FOR CHANGE: АМС requests installation of : 


m 


ing lap belt 


PARAGRAPH 
NO. 


£13 027 ~ 
Changes 1 


Тоз 1 


тте обн 


( ) AIRPLANES AFFECTED: 


FORM 6188.2 


All Ye 


600 J4 5L2 a 


wd te Гы үү а =. حم کر‎ ө, аан um wa ча а ба Ша Өй ары аЙ ай а کے‎ 


1: 
for ejectio Th type sentss 


CHANGE 


Е T€. M ٠ ٣ 
ٹر‎ `Z; 4144: اک لج‎ м? 
Sa 4 қы نشیس جم سے‎ TY i852 - » 1 i 
Turnishings and Equipment (Weicht recy } 
ісігі 
Oty Deseriotior Tdenticlaatson Willk) 
تے- نب‎ ee bee سے‎ emia: apu] ap Өт موہ ہہ‎ mms ہر نس‎ м ы ^^ mamme в abr Cmm. anata س‎ 
^ itt 5-1 GS 2.4 
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Hi 5 же 0 ٠.4 
Cartridge, Lap Belt 
Release, -4 
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COMSOIIDATER VOLTCZ ALRERAFRYT CORPORATION 


مم 


бап. Se California 


$РЕС. NO 20-8-001. (Rev 1 


ome кеша oe А жет аша ыр т m m ==» ее سے ہے‎ ‚а өсе ж аа а tt ааз = = 


з PO NOn ламаны дылы ce iau а ИТЕ متس‎ ынаны ЛОО 
ҮР-102 & 
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CHANGE RO 3::۸۰۸۰۸۰۸۰۸۰1 701010000۱7: 0ه .و‎ 
e EE a PES 


А - 


AUTHORITY AND REASON FOR CHANGE: То provide automatic-ooening lap beit Гог 
ejection type seats. 


PARAGRAPH CHANGE 
NO. 


APPSEDIX i 
(Deviat io: 


Under: Deviation £2 


m о مس رگ‎ re 


Change: 4 Type 8-18 safety belt and Type 6-3 shoulder 3ب ےت‎ 
shall be Stee 


1 к fü 
fety Belt апа з Туре 
Ni idcm 
+ 


( ) AIRPLANES AFFECTED: 411 


FORM 6128.2 


حت - -- س س 


E —— 3391۹5۹5707۴‏ ہس سے 


TT Tt 


— ےت‎ 
FORMATIGO 


EXHIBIT "A" TO рор САС-Е102-2 
Dated 8 January 7 


Тһе Туре B-18 pilot's lap type safety belt assembly 
complete shall be removed from pilots scat, 


An automatic-oponing cartridge-oparated lap belt, Aerno 
15-1711 shall be installed, (Ref USAF SR-WCLSJA-3),. . 


Arming of the initiator (M-A4) is accomplished by: pulling 
the ground safety pin. 


Firing of the initiator is acoompiisned through force 
applied Әу the cable &ssembly to the firing pin release 
when the seat ejeets from the airplane, 


A two~second delay fuse in tne initiator allows time for 
the seat to clear the aircraft before Generating sufficient 
Баз pressure, through the attached lines, to unlock the 
automatic-opening belt assembly, 


س س MÀ‏ — - — — = 
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«рапа 178082) — 


y e جک‎ _ CONSOHIDATED VULTEE AIRCRAFT CORPORATION 
C. ‘on Diegs Division — San 0160, Califomia ۱ 


CHANGE ORDER COST ESTIMATE SHEET 
Effective Роіт 1. FolO2A — . U 


TOOLING AND ENGINEERING M 


| UNCOMPLETED WORK ADDED WORK МЕ, ТОРА» 
АВО 
Tool Design Labor | и | d ق‎ 
Tool Design Overhead EE RENI ИЙЕЛИ |  — ым 
Tooling Lobor  — SM a 8 2940 
Tooling Overhead | [| 12.26] __ 22]60 
Tooling Material а | j| اا‎ 5100 
Бузуиайиовоне Tooling O/T Premium | ||| J|. 221 
Engineering ‘Overhead. | | ZEE 
` (1) Тота! Tooling gnd Епдіпвагілд _ 64 23. 
PRODUCT ION Ў " 
uas | шана | تھے‎ 
4 | WORK. ADE ED Leni BELETED __ DELETED 
Mfg. Labor _ _ j| 1.73 а wass — ج‎ || 77٤ 
Mfg. Overhead || 2.26. its КИН 
Mfg. ۸۸۵۲۱ & Pur. Parts | )اا فص لے‎ 2 
Subcontract Items ан. | OE UN. سر تا نے‎ ШЕ ЕКЫ 
Tota! Unit Cost | ۱ | 28147 2199 24.| 48 
| NE CEN. Quantity Affected (40) | | 
^. . (2 Total Production. 5,2256 979 |20 
` CANCELLATION CHARGES | 
Mfg. Labor | | e | اتا‎ ЖОЙ E 
Mfg. Overhead | D» Я BE Cae Ree WE 
Mfg. Май & Pur. Parts | | MD жаманмен 
Vendors & Subcontractors Chorges | | ЖИЕ ыт 1 
Credit for Proceeds from Excess or — 
Obsolete Property | - 
(3) Total Cancellation Cost. _ ee E | er 
Incraoso SASHA Estimated Cost-—- Total (1) (2) (3) |. 1044 13. 
Requested Increase 6246575288 In Total Ева REE @ © % | 62165. 
| ` TOTAL COST PLUS FEE جس ےکیٹ‎ | 1106178 _ 
ОМТ COST | 20П0 
UNIT COST PLUS FEE OR PROFIT | 27 [67 
AF PLANT Е CONTRACTOR'S CERTIFICATE 
REPRESENTATIVE'S Tho undersigned certifies that, to the best of Мз imowlefigo and belief, this 
CERTIFICATE "Cost Estimate Shect” represents а falt ind’ ronsonablo estimate of costs; tho 
| amounts showa Посол. havo been arrived at by methods consistent with cstab-. 
Acomptancs of Contractors Quotations ip (tn Наной accounting preciices ag far os applicable; tho amounts reflect only 
not) ‘recommended, In makina fils moame. expenses allocsbio to the work involved. АП crodits to which tho Government 
mienüstton I have conutdored tho questions 13 entitled because of this change aro roflectod; and ап Subcontractor'e Can- 
Usted їп paragraph 4 of ATSO Reguisiiun < eallation charges included tn thin Claim are balfsvad to te fair and ronsonhblo. 
TIUS | CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DIEGO DIVISION 
سسجت‎ D. На Digges 


» 


LIS 


‘CERTIFICATE: 


готи LN 


Ow ^ 7% CONS LIDATED VULTEE AIRCRAFT CORPORATION 


i 


Sen Diego Division — روگ‎ Diego, California 


CHANGE ORDER. COST ESTIMATE SHEET 


BECP · 
Б T T TU) Pr Tr E 
Contract NoAF33(600 CEN U S 


Effective Point (2) ҮҒ-102: 


heat 1 062 Sheets 
Change Ти! tomati Cartrid rated Lep Belt 
“TOOLING. AND ENGINEERING 
р CREDIT FOR | CHANGES FOR Ш 
месе ын WORK А A SUNT 7 WORIC 

Tool Design Labor ONG — ET PEE I 
Tao! Design Ovarhead M 5 — BENE EME 
Tooling Labor ا تی‎ CS سے اعد ایت‎ ss 
ROMERO Energ. O/T Premium ` — — J | [63 | 
THERESE г. Mstordal | یٹ ایت جس‎ [ — 08 
Engineering Labor ЕН MEET ЗЕМ. ' Qn 
Engineering. Overhead EON EB . 482 150 


tt 


PRODUCT ION. ' 


; Tota! Unit Cost 


(2) 


CANCELLATION CHARGES — 


Mfg. Labor 

Mfg. Overhead. 

Mfg. Мағ! & Pur. Parts 

Vendors. & Subcontractors Charges 


Credit for Proceeds from Ехвосз or 
Obsolete Property 


_ (3). 


. Increase. JAREN SETS т Estimated Cost-—Total (1) (2) (3) 
Requésted Increase ЗВОНА Total Feo 27777 


AF PLANT 
REPRESENTATIVE'S 


Acceptnneo of Contractors Quotations ta (15 
not) recommended. In making. this recom- 
mendation I Нето consificrod tho questions. 


,Msteó їп paragraph 4 of ATSO 027۵ 


No. 79-4. 


_Totat Tooling and Engineering 


ii 624 - | 
Quantity Affected (2) — — — — | 


Тоа! Production 


Total Cancellation Cost | n 


TOTAL COST PLUS FEE ОҢКИРАЛЕ 
UNIT COST. 
UNIT COST PLUS FEE OR PROFIT 


CONTRACTOR'S CERTIFICATE 


Tho wndorsigned esrtiftes that, to thn best of his knowledge and boMef, this 
“Cost Estimate Biest” representa n tolr and rénsonablo estimate of costo; tho 


» amounts shown herein have doch nrrivod at by mothods consistent wit estab- 


shed accounting practices ав far па applicable; the amounts reflect only 
oxponsea allocable to tho work invelvad. AD credits to which tho Governmont 
15 entitled because of this chango ого reflected ; and all Bubeantractor'a nn- 
cellotion chargas included in this Claim ore betfaved to be fair ond ronsonable. 


CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
SAN DIEGO DIVISION 


со NIYA I 


Quchu 49 Copan одо 12 Golfo 
CONFIDENTIAL 


Security Information 
15 January 1954 


Subject: _ Contract AF33(600)=5942 - YF and F-102A Aircraft - 
Consolidated Vultee Aircraft Corporation - ` 
San Diego 12, California - ECP кышкы رع‎ 
Ice-Detecting Equipment 


To: Commander, Air Materiel Command 
Wright Patterson Air Force Base, Ohio 


Attention: MCPPAF-6 (WCOWF-6) 

Via: Office of the AF Plant Representative 
Consolidated Vultee Aircraft Corporation 
San Diego 12, California 


References (а) CGN N-95374 (35) dated 8 December 1953 
(b) СУАС letter 11-2-549 dated 30 September 1953 


Inclosure: (А) Change Order Cost Estimate Sheet consisting of 
three pages 


| 1. Receipt of reference (а) is acknowledged. 


2. Тһе Change outlined in the Contract Change Notification can be. 
accomplished оп YF-102 Aircraft, AF S/N 5227995 and on 7-1024 Aircraft 
AF S/Ns 53-1779 through 53-1818 &t & total estimated cost of $31,109.13, 
Fee computed at 6 percent of total estimated cost amounts to $1, 866. 55 
for а total estimated cost plus fee of $32,975.68, 


3. In order that subject ECP may be incorporated in a forthcoming 
definitive Contract covering FY 54 procurement of 37 Е-102А and 20 ТЕ-102 
aircraft, Change Order Cost Estimate sheets Nos. 2 and 3 showing breakdown 
of total estimated cost plus fee of $4,400.09 for F-102A aircraft and 
$2,378.64 for TF-102 aircraft are also submitted herewith. 


4. Because of a change in rates effective 16 November 1953, the total cost 
has been increased over the quote contained in reference (ы), 


5. It is requested that early approval be signified by incorporation of 
the referenced Contract Change Notification in a Contract Change Order, 5 


CRAFT CORPORATION 


Ar LIDATED VULTEE 
CONFIDEN ° L | San Diego D: vision 
Ke 


ЗЕС URITY | АА 


6 3р 


| CONF IDENT IAL же, 
| 7۳ت‎ у В. Digges 
Security Information . Manager of Contracts 


(FORM 1700-2)" зет 


š ^ — q: 
٢ 
гт ^ 


CONSOLIDATED VULTEE AIRCRAFT сок ID 


had соры 7 " San Diego Divislon — Son Diego, California си RITY ай EN TIAL 
purity Information CHANGE ORDER COST ESTIMATE SHEET | РФВМАНЕН 
۰ ECP AF S/N 52-7995 and 
тел сетті 3 2 OE сеща ав Effective Point.53-1779 thru 53-1818 
Change Title Engine ice Па on S най i of 3 _ Sheets Al aire. 


TOOLING AND ENGINEERING 


CREDIT FOR 
UNCOMPLETED WORK 


P—CGHARGEB FOR l NET TOTAL > 
ADDED WORE NE ARGES 
- AMOUNT 

Tao! Design Labor RED! 

Too! Design Cverhead | 


Tooling Labor ۲ 
Tooling Overheed | 


Tooling Materia! 
Engineering Labor | 2. TRE 

Englneering Overhead Є 4180 
Engineering Material 


(1) Tota! Tooling and Engineering 15359 100 


PRODUCTION 
۱ | WORK ADDED WORK DELETED 
| j | RATE | AMOUNT RATE, AMOUNT 
Mfg. Labor i 1.87 || 104 145. 
Mfg. Overhead | |2,66. TU 
Mfg. Mat/l & Pur. Parts EMEN VA 


Subcontract Items E НЕН 


Total Unit Cost ۱ 
Quantity Affected 


"ER (2) Total Production 
CANCELLATION. CHARGES 


Мерс. Eng. overtime 
Mfg. .xerheod A n0. oue "AMAT t ime 


Credit for Proceads from Excess or 


‘Obsolete Property w 
(3) Total бексейелеп Cost в "463 | 28 
Increase ev Әсегееле in Estimated Cost—Total (1) (2) (3) 31103 K 


Requested Increase or-Dacranss in Total Fea خائمظحہ‎ @ 6 % | 1866 | 5: 
TOTAL COST PLUS FEE OR-RROBIT | 32975 | 68 
— UNIT COST | 758 |76 

| UNIT COST PLUS FEE Q&..PROEIT 804 |2 


AF PLANT CONTRACTOR'S CERTIFICATE 
REPRESENTATIVE'S The undersigned cortifies that, to tho best of his knowledge and bellef, this 
CERTIFICATE “Cost Estimate. Sheet’ represents в fair: and reasonable estimate of costs; the 
amounts shown berain have been arrived nt by methods consistent with cstab- 
Acceptance of Contractor's Quotations fa (is lished accounting practices as far ss applicable; the. amounts гоПесі only 
not) recominended. In making this recom ехрепзев allocable to the work Involved, All credita to which the Government 
mentation I have considered tho questions їз entitled because of thia chango аге reflected; and ай Bubeontractor's Can- 
rûs included in ‘this Claim betleved to be fair and reasonable. 


Listed in parngraph 4 of ATEC Regulation 


No. 70-4. | 
à CONSOLIDATED VULTEE/ AIRCRART CORPORATION 


A DIVISION 


Date; —————————————————————————— Ht (= 
CONFIDENTIAL - Security adeeb tiger RMATIO 


(FORK 1753-8) 


< COMSOLIDATED VULTEE AIRCRAFT COR 


/ с 


OME IDENTI | n Son Diego Division — Son Diego, Californi, ا‎ N E | Г) E NTI AL 
Security Information CHANGE ORDER COST ESTIMATE SPRREYRITY INEQGMISEIONDSZ, 
LCP | Procurement thirty-seve 
Е МоЙ 0 Effective Point. — (37) F-71024 سن‎ : = 02A Aircraft 
Change Titi іле Ice Detection System ib S реа 
TOOLING AND ENGINEERING 
UNCOMPLETED WORK ADDED WORK NET TOTAL 
` AMOUNT AMOUNT CREDIT 
Tool Design. Labor | : 
Too! Design Overhead ШІ 
Tooling Labor للا ا‎ d 
Tooling Overhoad -- В 
Tooli 9 Materia! oe 
Engincering Labor EGE M 
Engineering Overhead ]0 | Е 
Engineering Material [ob 
(1) Total Tooling and Engineering e 
PRODUCTION 
| eu БЕ 
۱ . WORK ADDED WORK. DELETED OF CHANGE 
| | RATE AMOUNT ` AMOUNT 
Uis | تا‎ жын Ра ле = 
Mfg. Overhead aes НЕ перат БИ 
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| Subsontract Мота p SE ЖЕБЕ 
Тота! Unit Cost | S 1 Ра 0 
Qum Affected 37 
(2) Total Producticn 151.10 


CANCELLATION CHARGES 


Mfg. Lobor 

Mfg. Overhead 

Mfg. Мот! & Pur. Ports 

Vendors & Subcontractors Charges i 


Credit for Proceeds from Excess or 
Obsolete Property 


(3) Toto! Cancellation Cost | 
increase ог-Ёвсгевсе In Estimated Cost— Total (1) (2) (3) 4151 |03.. 
` Requested increase or Decrease in Total Fee or Profit_@ 6 % 249 |06. 
TOTAL COST PLUS FEE OR.PROSIX | — 4400 109 


UNIT COST | 312 119 
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UNIT COST PLUS FEE QR.-PRORII 118 192 
AF PLANT CONTRACTOR'S CERTIFICATE 
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lon» is (а lished accounting practices es fnr аз аррисаШе; Ше amounts reflect only 
а He. expenses allocable to tho work involved. АП credita to which the Governmont 
mendatlun 1 havo considered tho questions fa entitled because of this change aro reflected; and all Subcontractor’s Can- 
Listed in paragraph 4 of ATSC Esgutation caltntion charges included in this Claim are belicred to be fair and roasonnbie.-. - , ғ 
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TOOLING AND ENGINEERING 


CREDIT FOR ` CHA | 
UNCOMPLETED WORK соно РОВ NE A e x 
RATE AMOUNT jM AMOUNT 


Too! Design Labor 


Engineering Ovarhegd 
Engineering Мае! — 


and 'Englneeri р 


س 


(1) Total Tooli 
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PRODUCTION 


Mfg. Labor 

Ма. Overhead 
Mfg. Mari & Pur. Parts 
Subcontract Items 


‘Total Unit Cost 
CANCELLATION CHARGES 
| RATE AMOUNT 
Mfg. Lobor pru om ИШ 
Mfg. Overhead id А-а 
Mfg. Май & Pur. Ports _ | EE پوس‎ 
Vendors & Subcontractors Charges | | | ] Бн 


Credit for Proceeds from Excass or 
Obsolete Property 

(3) Total Cancellation Cost _ ا‎ 

Increase az Qecraosn In Estimated Cost—Totol (1) (2) (3) | 2244 | 

sted Increase оғ2сагоагз in Total Fee or Profit @ — f % EM 

TOTAL COST PLUS FEE QB-PRORIT WIIO,K MWI/YÑ | 64 

UNIT COST | 2 412122 


UNIT COST PLUS FEE ОР-РЗФРНТ 
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AF PLANT CONTRACTOR'S CERTIFICATE 
REPRESENTATIVE'S The undersigned certifies that, to tho best of Мз kmowisdgo ааб baltef, this 
CERTIFICATE ‘Cost Estimate Sheet’ represents в fale and fensonable estimate of costa; tho 
amounts shown borein have been arrived at by methods consistent with cstob- 
Acceptanea of Contractor's Quotations 15 (10 shed aoconnting practices as fur ns appliesbio; tho amounts reflect oniy 
mot) recomunended. In making this ratom expenses altocablo to the work involved. АШ credits to which tho Government 


reflected; and all Gubcontractor’s Can- 
are believed to be fair nnd reasonable: 
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Tos J. Farme 0. 6, Green С. Р, McCabe 
R. В. Hoover R. Г. Bayleas В. А. Ackley 
Е. Woeniak 5. а. Нала 10 Dublin 
М. W. Withee A. Buratein Е. Е. Strong 
J. Lo Wainwright As C. Truex L. 0. Cederwall 
Ро D, Ferrara . К, Р. White H. P, Von Goodat 
G, М. O'Hare ' Е. Н. Schiek Wo J. Wood 
J, С. Hoover Л. Fason $. Jo Alkazin 
E. Ds Shannon Н. F. Dunholter А. В. MeFarland 
From: Engineering Planning & Estimating 
Subject: Model 8 Cost Proposal Outline Serial №. 52-1-18 Revised 16 December 


1953, F102A Body Shapes and Induction System Revisions. 


9 


Gost Proposal Outline Serial No. 52-1-18 has been revised to exclude 
that part w íoch has been submitted to the Air Force as ECP No. CAC- 
F102-53, redesign of engine air inlet duct for JT-3N engine. The 

task has not changed appreciably for the subject СРО since the pra- 
vious estimates мего submitted. No additional estimates are requested 
at this time, The attached copy is submitted for information n 


M. McCreary 
Engineering 
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POZA - зор BODY GRAPE AND TMDUCTION бетге REY SINE 
— 


EU RUM UTED Bys CVAD 

| а SUBMTTTATI Toe Ale Material Согтваф under EGP Но САС-Ғ102--4,5 

PUAPASAL 18 TO ЧЕ SUSUITTED; То be determined by Contracts Dept.‏ نا 
SESE ЛЕ DID pESTREDs: Firn‏ 

ТҮРЕ OF ЗЕ CONTR PRACT COWNTEMPLATPDg СРРР 


GF NETAL DESCRIPTION OP АҒТАСЫҒЫ D/Q'i SETV ICES 


Åe This Proposal covers; 


(1) The design ard production of a nev aft “Ideal” тойу shape incor orating 
Improved вегодутиш а features determined from recent drug rise investe 
ieations conducted by Convair, {Reference Cost Proposa! Dubline Serial 
№. 52-2.22) 


(23 The redesign and ranufasiure of the engine ale inlet duct from Station 
217 to 403 tc make зае for use with the Wripht 12-07 Engine, Pratt 
в Whitney J-75 Engine and Pratt & Whitney J-57 Engine (including ime 
pro ed version), 


Pee --4--4 кы neg memanen طانم‎ eee ار‎ ыы ہہ ا پچ‎ 2%- fe? وھ رھ‎ (hey e fm ore 
: жам” x — vae ж. ж وها‎ — жм мч -... Nos «ұу dame € a тем « -re ще ыы اق ھ ےہ‎ 


бот (35, UT в. z rv = ” 4 “s 
SUS wei Фа sP P d КМА о Ag س‎ pu ve faz PES Ui ui wu T U esa Ct we mid یر‎ ү ct 


ay Bree rod nem Г ہی‎ Fey pest پر ریم‎ oF "arni ar ЛӘ A. ТЕ O" \ 
„^+ = сш ہے‎ Wo vao ا‎ жылт بے اد‎ eee Ро 


Я. Estimates are to cover the following: 


(1) Separate estimates are to be submitted for the mel liminary design and 
production design fer the incorporstion of each of the above shanges 
1nto production Р1О2А airplanes and static test arttels їла a the 
посиар aml tesi ant беу огечаһ activity required. 


(2) Production tooling, manufa during, materials, etc. reyulred to ine 
° corporate cach of ‘the above changes in production ۶۴:08۸ airplanes. 


С. The follawing Зета sre described separately and are not included in this 
Gost Proposal uli dina: 


(1) Deeg rise investigations including wind tunnel tests, РАНО Model testa 
and "Pop-Gun" geata conducted under вегсбупат в improvement studies, 
(Ref. Cost Proposal Wtline 52-1-13) 
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ча Сбор аре Ў 


ии: Fliehi teat of aivplaneg except for shakedow flicht- EYE 
‘he revised bely shaps described herain are to be insluded 
negotiations Гог the Model B Flight Test Program, (Маг. te 
Proposal Cutline 52.1.8 nd Sappiereniary Gu t س تب بج‎ tayna 
to be prepared}, | 


ç % Ес я 0 
QJ, Шетзегей leading edges and modified wing tipo бесе] ped during tke 
негодупат 0 lepravement studies, (Ref, EGP No, ACF OAD — 


The following items are not tc be included іп thia progran but are fn 
08 the subjeat of future negotiution after the теліігетчтубіа Yaww Loew 
determinades 

(1) Gorrections dictated by “light teating, 


(4) insta.lation of Weight 1-27 Engine Pratt & Whitney Ted Епріра or 


Pratt & Witney 4-75 Engine, (6) Special Тос1з & Ground 
SD 0 Handling Equipsent. 
(3; Flight Simnulster, | (7) Handbook Maintonanse 
(4) Service Wepresentative, (8) Ground Vibration Testo 


(5) Weight redvctlon progrem for FIO2ZA airplanes, (9) Anit-Ieing Provisiono 


7, BASIC ASSUMPTIONS: 


m 


В, 


A3 


Airplanes with revised body shapa to be designed to utilize the same 
engine as for present V-102A airplanes, (J-57-F-11) 

basis 
Fucelsge/structure to be designed to sontuin ns many features яд poss- 
ible, іс permit the roat economical. subsequent Installation of either 
the Wright J-67, Pratt % Witney JT-3N ст Pratt & Whitney 7-75 engine, 


The airplanes a"fecird by this change will Incorporate complete nrmument, 
provisions es snecified in the terma cf the present contract. 


The airplanes affected by this change will Incorporate eorplete electronic 
and Tire «сп! го system provisions as specified in the terra of the present 
sontract. 


Ail sirpiasee effsnted bv thls change are to be manufactured by ite pro- 
duction factory util'zing production tooling and methods аз specified in 
the terms of the present contract, 


. IETAIL WORK STATEMENT 


iiem l: The fo.lowing statement of werk covers the design of a new eft "Ideal" 


۳ 


tody shape incorporating the irproved aerodynaric features determined 
from recent drag risa investigations conducted by Convair, 
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пай eel mima erey Тілі 
elo tha رس ےج‎ SBS OF ^ new eft fuselage ілу Bhapk util. 
zing ta Pratt & «ну وو‎ Engine ith aFLerLturnhep eco 
Hughes Mir? Pire Contre] Lar, This своих 34 qe "go T 
e ou studies ДР the instalietion nf the Е 67, Peanut à 
d^itney 2425 and Prat 2 Whitney JT-3GN Engines. B I 


Hoekup 


Construct в fu.i acala mockup of the "uselape бурею Ол он 269 
aft with the Pratt £ Whitney J57-2—11 Engine. سس و‎ feg etme 


ances, The mockup will ineludg و‎ Section of the vertical sta- 
БіІЛІзет approximately three (3) feet tn зе а and asureztlretely 
the same width section of tha wing on one side. This ronkup ضف‎ 
inuwerorate а! fuselage, wing, fin & aygtlera changes due to the 
revised or "Ideal" body shane esiema. 


reduction Desigm and Manut'acture 


Prepare predustian estan drawings foy the Sneerperntion irte 
production FlO2AÀ airplanes revislong ic the مب عبط‎ Dodi sha pa 
for serodynarie improvement, “Theme revishens will affeot rei 
marily the section ef the fuselege aft of Station 310, Engineer 
Ang is to alao include in the revisions as man features ай page 
ible to permit the subsequent installation of either tue Weight 
2-67, Pratt & Witney JT-3N (an imporved verzion of the Jess. p. 
LL} or Pratt & Witney J-75 Engine with в minimum arount of chsngn 
required, The following comprises an outline of the otanges ine 
yol veta 


(1) Fusslspe forvard of Station 310 


Everything forvard af Station 320 shall remain tle sre 
except for the following major revisions: 


(a) Wing attachment bulkhead at Station 258 shall ke relocated 
to accomodate wing rslosution, 


(t) The engine bleed air duet is to br relocated to Ае toy 
of the fuselage with an external fairing, 


(с) Heat exehanger duct and exhaust door shai) се revised, 


(d) Ele ctrie rack in this area is te Бе deleted and the 
electrical componente relocated, 


(e) Missile bay apea shall be stanged structurally to вотот 
odate missiles within the new fuze аре. 
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{2} Missile auxiliaries stall te 
in the rissile bay, 


"elocohted due Lo revisions 


Puselepe Aft of Station 210 


The fuselage aft of stetion МС shall hevs в new con- 
figuration ns Tellowss 


(a) Approximately seven (7) feet stall be added te the 
fuselage. 

(b) Complets change of body shape, All frames өткі door» 

in this seotion are to be revised, 


(c) The vertical stabilizer ie to be rowed aft ui ick песезні- 
tates redesign cf the fuselage, Sin atiach st .تد‎ and 
fittinge. {No change is contemplated in the vertical 
stabilizer), 


The new aft fuselage gheil be designed for the iratsil- 
ation of the Pratt & WEitney 1-57-Р-11 Бер аа vith spsoe 
provisions and аз many other accomodations аз mructiont 
for the subsequent installation ot the Pratt & Whitney 
JT-3N (an improved 7-57), the Wright J-67 or Pratt end 
Whitney J-75 engine with minimum rodification, such as 
engine mounts, ducting, wiring and piunbing revisions 
required, 

(а) The wing attachment is tc be moved 51% approximately forty 
(4^) inches. This will require redesign of the wing attach 
buikheaós anl fittings. 


The míssiie bay doors are to be redesigned due to the shanga 
in body lines, The п зае laimshing mechanisr will be re- 
designed. 


(f) 


The fuselage main landing gear doors are to be redesigned. 


Bom И Ta +. “+ ^4- کے‎ M. аз 
ада + -- owes по бы) ыв 


(г) 
(Shanes Lo ns ыза Қамы Boul 


amen а "m "NES 
ыб. бд محمد‎ ылық. ت ت یہ‎ da iE jr 


(h) Complete зузіегэ revisions -ill he required due to ths 
movement of the wing & fin and body shape changea. 
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(Item 1) | 
(3) Ming, Tail & Control Surfaces 


(в) The wing shall be relocated approximately forty (40) 
inches aft, The baaie wing geometry shall remain ume 
changed, Wing attach fittings and drag angles shail 
be revised as required, 


{+} The elevon 15 to be revised to fit the new body shape, 
This will а fect tre inboard edge of tre elevon, 


(e) The vertical stabiliser wil) remain unchanged, 


(а) The rudder shall wmain the same except that the span 
shnil be approximately 2 1/2 {inches aherter, (2 1/2" 
eut off the tottom). 


(4) landing Gear 


(a) The nose lending gear shall remain the seme, 


(6) The main landing gear shell хета the sore scent frr 
etortening the axle to provide clenranae when tbe grar 
1з retra ей, kocueu hec! and trake шск stall be 


andi‏ سے و 


ا ما а‏ 


(5) Tooling and Manufa фут ла 


The Production Fectory shall provide the teoling and гапц- 
facturing required to incorporate the above revisions in 
production Р1О2А airplanes utilizing the methods specified 
in the present contract, š 


D. Reports and Deta 


Prepare reports and data as may be г-ди4 ей due to the changes 
described above in accordance with the terms of the present 
contra ct, 


Е. Gontr ti Teste 


Redesign and modify the full scale hydraulic test stand Гог oper- 
ational proofing of the revised control system and ед рев. It 
is anticipated that the Wright 2-67 and Pratt & Whitney 4-75 Engine 
requirerents will be determined in sufficient detail аз to تح‎ ٥ 
tte necessity Tor further modifiestion of the controls test stand 
“or the airplane configuration with the J-67 ог 1-75 eingine in- 
stalled, The following comprises a list of the major chenges in- 
vol ved з 
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Му existing test stand to new С панели Зу SUA gone 
liston alt of fuselage Station 258. 


Install and test redesgimed componente cef the Speed Biska 
Systen, Elevon System, ete. аз reguíred utilizing the 
controls surfaces provided for the existing test stand, 


Testing of revined Giapiacing sear will he гер гей, Thage 
boots واه وجو‎ bo. conducted-on-she-asibetdtqoe boat س وغو‎ faciie 
dticamaditiod—teo-the-newbeds—shase-en C oid ameti ek 
побоев обороне но ореол ери ee ri proto 
ону рро наенрнреефете Tests аге to be conducted on a test stand 
for oper tional proofing of the displacing gear only. 

The revised actueting system of the missile Бау доста wiii 

require testing of redesigned oyiinders and cylinder inetalle 
ation,  "perationsl checking will “е sondusted on bhe «з=» 

dng test feetihtided-med4tied—temthe-pew-bedg-conftmeeksons 

stand described above, 

Ground firing tests of the Roeket Launcher vill mrrec-ke- m0 

азтай be ecnductod on "һе airplane prior to deL ivery cf the first 
sirplane with the new Бойу shape at ы test base designated by the Air 


Hesting and Ventilating System Test Stand Force, 


(1) 


Redesign of the bleed air duct system will naceerita ta M 
testing the cabin pressurization an? heating end ventilating 
system, This teet will be conducted on the existing saat 
equipment modified tc invoerporate the chance in the bleed 
air duct and relocation of related system components, 


Electrical System Tests 


Moekup and test the revised electrical circuits and eomponenta 
utilizing the existing test facility. Major cirowit revisions 


include; 

(1) Armarent electrical system, 

(2) Main landing gear electrical system. 
(3) Missile bay door electrical system, 


Power Plant Testa 


(1) 


Design, construct and test the J-57-P-11 Engine installation 
ineluding adjacent fuselage section ой an engine test stand, 
Consideration should be given to the utilization of the test 
stand facilities provided for testing the power plent install- 
ation in the present fuselage. Gost estimates should include 
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only the work required to modify the existing facilities 
to adupt ther for tests uti. izing the пен revised shape 
Fuselage section, including eonstruetion of a new fuselage 
test section, 


(2) Sound suppressor equipment provided for the extating power 
plant test stand is to be ui dlieed for the additional tests 
recuirsd in ihe shove. 


x Siructural Testa 


Construct ond tect elements of fuselage structure to determing 
satisfactory types of construction and design sllouabiss,. This 
will involve fuselage, wing and fuselage, fin attach fitting 

tests and other miscellaneous tests of pechanisrs component, , 
fittings and structure, The construction of Large sectiors of 
structurel components for testing such ag в fuselage barrel section 
or wing tank section wlll not be required, 


Item 2+. This item covers the redesign of the engine nir inlet duct fram fuse- 
lage station 227 to 403 to make suitable for use with the Wright 1-67 
Pratt & Whitney 1-75 end Pratt 4 Whitney J-57-P-11 (including the JF 
3N imporved version) engines without fu- ther modifientisn. 


A. Preliminary Design 


Conduct preliminary design studies to provide the data needed 
to redesign the Integral engine air inlet duct to perrit use 
with the Wright 2-67 Pratt & Whitney 2-75 Pratt & W) itmey 257- 
Pall or Pratt & Witney 27-38 Engines without further mod ifi- 
cation, ‘Tris will affect that section of engine air inlet duct 
betwren fuselage Station 217 and 403, 


В. Moekup 


Construct a fuil scale mockup of the engine air inlet integral 
duct section including the adjacent fuselage structure ^rom 
Stution 217 to 403, The mockup described in Paragraph В of 
Item I &bove із to be expanded to include thia aiditieonal 
section which will incorporate all fuselage and systema changea 
due to redesign of the integral engine air inlet duet section 
to permit use vith either the Wright J-47, Pratt 4 Whitmey 2-75 
or JT-3N as vell ав the Pratt & Whitney 7-57-Р-11 Engine. 


C. Production Design and Manufacture 


(1) Engineering will prepare production design drawings and 
data for the Дпоогрога оп into product'on Ғ-102А airplanes 
я new engins air inlet integral duct section ішімен fuselage 
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Stetion 217 and 403. New designs and revigtona required 
include the folowing; 9 


(a) 


(5) 


(c) 


(d) 


The 
and 
in 


Redeaign of the integral duot section, fuselage Station 
217 to 203 te be sultatle for use with the Pratt & 
Whitney J57-"-11, Pratt & Witney JT-34 (Improved version 
of 1-57, Wright 1-67 or Pratt & Whitney 7-75 fngines. 


Design transition duct to fit aft end of the new integral 
cust suitable for use with the Pratt & Whitney 157-2441 
Engine. 


The fuselage section from Ststion 217 to 443 is to be 
designed ав в barrel section split at center lins for 
sage of manufactura, 


Mejor systems revisions will be made in the area affected 
hy the redesigned integral duct, Space limitations ime 
posed will require relocation of rest of the systems 
сотропвп а, wiring, tuhing, bracketry, eto, 


Production Deparmeats vill provides the necessary tooling 
manufacturing required to incorporate the sbows changes 
produetion F102A airplanes utilizing the methods speci- 


fied in the terms of the present contract., 


Report ant Da 


Prepare reporta and data as may be required due to the changes 
described іп Item 2.C. (1) above іп a-cortlanes with the sopli- 
cable portions of the present contracta 


Centrol System Testa 


Modify the evisting controls system test stand to incorporate 
the changes іп the system due te the new integral duct design 
deseríbed in Item 2.C. above. The ohangea will involve only 
minor revisions in brackstry and reloastion of components. Тһе 
revislona and additional testing required is to be accomnlished 
concurrently vith the tests described under Item Т.Е. above, 


Arnament System Testa 


Additional armarent system tests will not be required dus to 
the change іп the integral duct described above. 
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Heating and Ventilating System Tesis 


(1) Modify the existing test stand to incorporgte the 
changes requirsd dus to new integral duct design. 
The changes involved includos 


(а) Revision of the atr turbine motor oil cooler 
installation, 


(b) Revision of the heat exchanger inataliction and 
other minor inatallations, 


(2) The modification of the test stand anf additional 
tests required are to be accomplished coneurrentiy 
with the tests described under Ttem 1,0. above. 


Electrical System Testa 


(1) Modify the existing test equipment to incorporate the 
changes in electrical system components and oireuita 
due to the пеш integral duct design described under 
Item 2.0 above, 


(2) Conduct tests as required for cparationa’. proofing of 
the revised instailations. The changes involved will 
require major revisiona to the wiring and electrical 
compmnents installations in the area affected by the 
integral duet design. (Fuselage Station 217 to 443) 


(3) The test equiprent modification and &ddíitional tests 
required аға to be accomplished soncurrently with the 
tests described under Tiem 1.9 above, 


Power Plant rests 


(1) Design, construct and test the new engine air inlet 
integral duct installation on the existing engine test 
stand with the 257-Р-11 Engins. 


(2) Estimates are to cover only the work required to install 
ата test the new integral dust utilising the test stand 
ав described under Item 1.1 above, including the con~ 
struction of the new duct sections required. 


(3) Gonduct of the testa ar^ to be concurrent with the tests 
daseribed imder Item 1.1.вБоча. 
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J, Strustorni Testa 


(1) Construct and test elements cf the new inteor ے,‎ duct 
structure to determine satisfactory types of aon- 
struction nnd design allowatles, Tn testa will 
include the sonstruction and teat СР а section of the 
duct under various load conditions, 


(27 Construct and test components of systems and meet anise 
as required due io the systers changes in the area affected 
by the integra! duct design. No rajor test set-ups will be 
required. 
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usta Station 217. Tris section will dactise te n4 
ве: ор and слепа од to the Enteral dust at "talion 21 7. 
This mockup 48 to L. ^onstrueted as an Julien to the 
workup deseribed in Paragrnc’ P -7 item i above and чі. 
insorporsta tke design eanges 1n i.^ duct and ad jacent, 
Structure to pereit use with either the iuit # Wh liner 
427-2411 2e 47-34 Engines, (The JT-3N £s ви Umpro:s4 
эгей of the 2-87-Р-11 Engine) 


3ب ەں؛؛0++ ضس 
ای جب سا سے کچ шеккен д. i eas kea‏ لا قاط pes село‏ 


{1} bowinesring will prepare production design drewines 
най "ata for the incorporation inte production FORA 
airplhaiss the changes required in the present engins 
air intake duet for use with the Pratt 4 Whitney JT- 
ЗН Engine (a. improved version of the J5"7-F-111. The 
revisions required include the follows see 


(а) Revisions іс the present intete duct section from 
Forward lip to fuseusge Stetion 217 including the 
transition fit, the пек "ategral duct design des ы 
cribed in Шет 2.0 abr лө, 
(b) Minor revisions +; bs mada ag молод тей to the systema 
іп the area of the intake duct, M. major chanves ta 
the systems will be required dus to tls revised За take 
duet . 


The Production Fastory will provide the песезавру cooling 
and mranfacturing required to incorporate the above change 
in yroduction Fl02A airplanes utilizing the rethods Spec سآ‎ 
fied ín the terme of the present contract, | 


Reporta & Data 


Prepár: reports and data as may bs required due te tha change Jyry 
the airs іліске duet in accordance with the terms of the rr Jaén 
contrast. i | 
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Additional controls system 


teste Wit. to this ehenge will not be 
required. | 


Artament System Post 


« x 
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Additicial armament system tests dua to this shanpe will 
YU ui rad o 
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ТТТЕ Сг ENGINE BING PUT POSED =: 


Engineering drawings and iechnioal data shall be poovided па specified under 
the terms of the present conteget зае ле prodoetion iefting, handbooke, 


complete wire harness and tubing dravings, ete, 
Produetion tooling as desorited in the detail work statement 


Production Fuetory facilities are to be used. 
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Fe CE لا‎ ICHE PanGRAD S PROPOSED. 

"сас Өөп зһайейсып Siights only are ta te accomplished ав прес fisd im ‘Like 
комарі oontragt. Additional flight testing will he neget اد تہ اخ‎ барита ед 
ven the -equiremenie have been determined, (Ref. бос $ Prop^sa]l билїї No. 
5e کس‎ 
ПЕ AND SHIPPING XNOTRUGTIONS: 

То be determined by the Contracts Department, 
HA Om ЕОЖҚОНАБЕР ITEMS REQ UINE Ds 

Ta be det ;erpined from the Detail Work Stetement Faragrach f, 

SARITA! PACILITIES REDUIMEDS 


Hequirements to be determined by the Departmenta sonesrned, 


Notes Encineering کت‎ and Experimental Festory to provide a seperate 
list of espital facilities required, or atatument АҒ none nesded, 


BAL “BB LANSAS: ATE! ЕНТ ЕН? RESUI Ер: 
Requirement to ba determined by the Dsportmenta conoorned, 
ICPSSRP PROGRAM SCHED TES 


А, Engineering Last Primary Staneturea Releass ~ April Y, 1054 


B, Engineering final Release ` = Mie 1, 1952 
ч. Tooling and Manufacture Completion ~ Becerier Fra 10%, 


APE ABLE SPECIFIG “TION ОВ DESCRIPTIVE DATA DATA AVAL Am E POR LSI Mat ING PUPPOSES: 
Additicnal] data ray be obtained from the Engineering Depertment, 

PYG IME PING CCOTOUATCR ASSIGNED: К. Н, Hoover PHONE NO, Ext. 1480 
1 EOR DEP VETMENTAL GOST ESTA TES AND I DATA zn TE SUBMITTIQ То TOTiMATINGS 


DESAETME МЕ {te ta s be aupplied by Eatin. ting Department tm arrived TE in 1 Proposal 
meting 


Prepared bye 
ENGINVER ING PLA МІНО AND ESTIMATING 


“eat Mela 
ча: (See attachad ligt} 
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6 Arrins fase one. 1738 
«PP ORJWZNF A Arch 

ЇЕ RJUPNH 580 ۱ йыга tunm E 

Би 2222177 ZEX AEI 
ҮМ SAAMA KELLY АРВ TEX ` AECES error 
TTO RIWXBR/SAC OFFUTT AFB NEBR | - 


~RIWZNF/DEPURTY IC FOR SAFETY NORTON AFB CALIF سی‎ 
VROEDSQ/AMCASC WPAFB OHIO . UR 
“INFO RJEBKF/2AF BARKSDALE AFB LA 

CRIWFSR/1SAIRDIV CARSWELL AFB TEX 

CRIWFSK/52BOMDUG CARSWELL AFB TEX 

“RIWFAP/AF PLANT REP CONVATR РТУ 

VRJEDSQ/AMC UPATB à wos 

TET e a 


"UTANCLAS SANeS-23 ACTION FOR SAC ова & DM4Bs. DEPUTY IG FOR SAFETY, 


- =; 


CAFCPSeDe2 & AMCASC LMSB INFO FOR 2 ‘ARs 19 AIR DIV3 43 BOMB WGš à 
ТАЎ PLANT REP SANBTE & АМС, МСМТ» d کے‎ | т 
THIS MESSAGE FIVE PARRTS, PART Io OUR SANB-9-11, 12 SEP SØ SAC | Е 
=DORQ 25597, 15 SEP 60 DEPUTY ТС FoR SAFETY AFCFSeCei 09 179,°17 

-SEP 60 AND AMCASC LMSDe9-55-E, 19 SEP 60 REGARDING B-58 ENGINEER- | 
ING CHANGE: PROPOSALS 361A 3618 562 AND 411. МА MODIFICATION š 
سان‎ BOARD ОМ-2@ SEP 60 PROCESSED CITED EGP $ WITH DECISIONS Ас ! 
OUTLINED BELOU. PART 115 ECP S S614 AND 3618, REJECTED FOR 

TRETROFIT AND REQUEST Ве58 WSPO DISAPPROVE FOR PRODUCTION INCORPORA- 

=C LINE SEVEN WA 361B 372 | l | 


РАСЕ TUO RJUFNH 33° - x AN. 
-TION. THE TYPE WIRING AND CONNECTORS PROPOSED APPEARS IMPROVEMENT 
-OVER EXISTING WIRING/CONNECTORS. HOWEVER MAJOR. CONSIDERATIONS FOR 
-DECISIONS WERE /A/ NO DOCUMENTED EVIDENCE- EXISTS THAT’ EXISTING 
-UIRING/CONNECTORS ARE INADEQUATE. TWO EXAMPLES CITED VERBALLY BY 
CONVAIR AT 24-25 AUG 60. CONFIGURATION: CONTROL GROUP MEETING WERE 
“APPARENTLY DUE ТО PRODUCTION/MAINTENANCE ERRORM B/ Foig2/Felgé6- > 
“INCORPORATE WIRING COMPARABLE TO EXISTING B-58 INSTALLATION, AND NO 


ОВ ЫБ HAVE BEEN EXPERIENCED. SOME DIFFICULTY VAS ENCOUNTERED 


JITH TRE BURNDY TYPE CONNECTORS ON Fel@2--WHICH HAS TO BE SUBSE 
QUENTLY REPLACED WITH’ PERMANENT. SPLICES SUCH AS NOW USED ON B-58, 
.F-102: НАЗ BEEN IN SERVICE SINCE AUC 54 AND 5105 SINCE DEC 56, Fe 

2102 AND F=106 ARE FIGHTER AIRCRAFT WITH RESULTANT IN-FLICCHT MANEUVER] 

“ANG WHICH SHOULD PROVIDE ADEQUATE EFFECT OF FUEL SLOSHING. ON VIRÍNC/ 
-OONNECTORSo P2106 INCORPORATES AN AUTOMATIC СС SYSTEM SHICH SHOULD 

“PROVIDE. FUEL TRAFFIC EFFECT ON WIRING/CONNECTORS’ DURING’ FUEL’ MANAGE= 

ЕМЕКТе /C/ AVAILABLE TECHNICAL/FAILURE INFORMATION DOES NOT INDICATE 
“WIRING/CONNECTORS ARE A FLIGHT SAFETY CONDITION. /D/ ALTHOUGH SAFETY 

ШОР FLIGHT IMPLICATION HAS BEEN INDICATED IN REFERENCED MESSAGES, 

-SAAMA Is DUBIOUS THAT SAC WOULD CONSTDER CHANGE IMPORTANT ENOUGH ТО | 
~ STAND DOWN AIRCRAFT FOR A CRASH INSTALLATION PROGRAM, INCORPORATION OVE 9 - 
2С PAGE TWO LINE 14 WA SYSTEM WHICH - 


СОМ V ۸2۶ 
а DIVIRIGN ӨР jy area oat Nima ў 22RPORATION | 1 
(SAN D're CUSTOMER SERVICE FIELD REPORT 


"M зы 2. уш сы .. FOR CONVAIR USE-Only 
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DATE каср 6/99 ieee USAT А aa Lindsey, Wiesbaden, Ger. __ Ger. 
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APL ыйла с тее SERIAL т 


, REPLY BY _ REPLY REQUESTED ves O NO (Š arno REPLY TO 


Siyblagere, Р-102А 


SUBJECT. 


DISTRIBUTION сир. à EMCL. АА fs 


оты (а) Clements ТИХ same. subject, dated 24 мау 1960 
MA (b) Convair THX ваше subject, dated 25 May 1960 
е (с) Convair emo Stevens to Clements, dated 25 May 1950 
ww Реж | (4) Canvair Мето Stevens to Clements, dated 8 June 1960 


USAFE has recently forwarded a message to AMO asking them to 
reply their thoughts concerning the feasibility го? converting 
HOARLSON the Skyblazers to the F-102. АМС'з return answer was, "IT 18 


ыыы 
ç 
( 
5 


tha P FEASIBLE". 
||, 6025 ٠ " 
۱ Дн Benner Please be advised of the recently established facts concerning 


ә 


L. € hewn the SkyblazerS possible future F-102 operation. | 
1. А/В will not be used.during slot operation. e 
2. DISTANCE-One to two miles to climb to 6,000'. ae 


— бА e/f r í 
e |. 7 4-2 ALTITUDE-Uax.- 6,000 
ТЕЛ АДА Min, 50! 

HE. ' я 9 
8 АУ Ы | а. 
fr} | 67/94 4, INSIDE’ RADIUS-Froin one to two miles. 
BR ; 
РИШ a ; үгт; TAFT سج‎ 
ар 9 3 LEVEL IN OLIMB Mex. 5G. 
n ТРЕЯ бі МАХ SI BED@450 to 460 Knots. 
map] | 67/9? 7. OVER TOP SPEED- 250 Knots. 
COND] _ If the Skyblazers convert to P-102s, they will ОБ headquarter 
ще at Wheelus АРЗ, Libya. Another area being considered is Torrejon 
"ra АЗ, Spain. 
Шы ; 
ЕСІН Will keep you advised as things develop. 
сар | 
E ls 
оду - 
vet 
сай ^ 

\ 
mit Š 3 


KE. PROJECT 
NO. 


"e Remarc, OF FS балала X THAT, 


va ا‎ 
REPERI 388! 


sis c 
4 КТО 
>. 1 he 
ВЕЕТ یک سد‎ 
مک‎ tine! Li ағ 


ери 


! 
L | 
g 
š 


Тыч 


2Y3a 25 x ze 


^ i 
А if - қ 
"rT n Clever уз جم ہی‎ a Mis, ұсы 


f БАРЕВ, 


3 


CUENGPAIN 


Tara Ad : Ж 


odh tm TU E 
t 


А ~ | JA ECP 3 
Сатыт - San Diego ” RESTRI ІСТЕО 


SECURITY INFORMATION 


пани 


SALES ORDER 
Sold tos Air Material Comiand Dates 17 August 1953 
Wright-Patterson Air Fores Base | | 
hio ‚ Contracte ` AP33(600)-5942: 
References: | (а) Contract Ch Notification Sales Orders 32-23-77 
No. 89830 (24), dated 13 Aug 


22953 Work Orders 5100 Series: ` 
E 5200 Series 


es 


In accordance with tho authorisation contained 1n Reforenso 
(5), you are hereby directed to provide es follous: 


"Contractor shall: Incorporate complete provisions 
for Clock, Typo A-13A, Aexno 60-1201, offoetive 
on YF-302 Series: aireraft USAF S/üs 52.7994 ani 
52-7995. Also, Contractor shall install СЕАЕ 
Clock, Type A-13A, orno 60-1201, іп liou of ОРДЕ 
Clock, Typo АН5743-2А, Aerno 60-1200, effective on 
کت"‎ Sesion aircraft USAF S/N 53-1779 and cubse- 
quent" 


eos. CON #25 


ECP #38 | 
ےت‎ RESTRICTED. 
SECURITY, INFORMATION RESTR ІСТЕР 


105 Noo 5 400 | Soourity Informa dox 


CV | Т 


ор August 27, 1955. 


The following span times were used to formulate delivery dates on aircraft 
after ACA completion: 


1. For airplanes that were modified after mechanical flight was completed, 
the normal electronic installation and flyout span time was used, plus ten 
days for reinstalling the engine, running off operations such as hydraulics, 
flight controls, electrical systems check and shake down flight. 


2. For airplanes modified after engine run at gun butts, the span time was 
ten days for the completion of operations and re-engine run, plus the 
normal field operations span time. 


3. For airplanes pulled off the final assembly line, twenty days were allowed 

| after modification for re-operations, Phase Ш clean up and Air Force 
inspection, plus the normal San Diego and Palmdale field operations cycle 
time. 
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20050,2  103-SED SPS FCT 9-10 
MR F J KENNIE = SPS қ : 
MR R E SOMMERS = SED ; 


SUBJECT--- CAMUFLOGE PATTERN Е-102 AIRCRAFT 
REF A--- F J KENNIE MSG SCO 116 DTD NOV 1965 
REF B--- В Е SOMMERS MSG SCO 51 DTD 22 NOV 65 


TWO COPIES EACH OF DRAWING 65 D 21322)ARE IN THE MAIL TO THE 
ATTENTION OF R E SOMMERS, THE B SIZE DRAWING THAT YOU REQUESTED 
IS NOT AVAILABLE. IF YOU HAVE A REQUIREMENT OTHER THAN THE 

TUO COPIES FORWARDED TO В E SOMMERS, PLEASE ADVISE. 

V O WEESE 
CONAIR = 
SAN ANTONIO 


в 8-9 
adi CONSOLIDATED VULTEE AIRCRAFT CORPORATION Ü 
Зап. Diego, California 
4 К | LEMAC 504.1 
С.б. CALCULATIONS FOR MODEL $- $2- MAC 277.5 


: 7 % "| HORIZONTAL 2. VERTICAL 
| 5 i 7 М.А Со | Wei ght | Аға | I | Arm| ` Moment 


WEIGHT EMPTY (GEAR DOWN) | 274 |20227 |зво 7, 70$ 66/ po) 887, 566 
Normal Gross vei ght (Gear Down) 2 597, 25 
per IBM №. / | 
Plue: Moment Change - Gear Up + 28439 
Gross Weight (Gear Up) (a) ie, 28853 |342 /1 ١۹7 524 |55412 507 FOR 
Less Aft Outboard Fuel | 84|» 122808 
Gross Weight | (B) | | 9.2.2 144944 
Leas Forward Fuel 84|» 281252 
Gross Weight (с) s 381.61 91956 522 4.4 2 1603 76 2- 
Loss Aft Inboard Fuel 


2015 | 477 84|- 169260 


y Groes Weight (n) 22058/372.9| 8 225 367 9.4! 994 502. 


№ Gross Weight (B) 
Less Armanent = 81732: 
Gross Weight | (E) 5. 1 2.5] /© O25 976 |722 363 262. 
Less Forward Fuel 84|- 281232 
Gross Weight (Р) seca} Z $2401 1.1 |2. о82.озо 
Less art laboard Fuel | 84 |= 169260 
Gross Weight (с) 7 602-869 191.8 19/2770 
Groso Weight - (А) | ]۔‎ ۹ 7 524 ۹ 2567 FOr 


Less Armamont 


Gross Weight с Most Aft C.G. 


۳ — — n ——d P A —nzÜ— = - -- 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, California 


Overload Gross Weight (Gear Down) 


Plus Moment Change Gear Up 
Overload Grose Weight (Gear Up) 
Loss Aft Outboard Fuel 
4) Groos Woight 
Тева Forward Fuel 
5) Oross Woight 
Less Aft Inboard Fuel 


6) Grose Weight - Most Forward C.G. 


* 


4) Gross Woight 
Lese Armanént 
— prose vents 
lesa Forward Fuel 
8) Grosa Weight 
less Aft Inbeard Fuei 


9) Grosa Weight 


0.6. CALCULATIONS FOR MODEL 4—2. 
———  ——À——————————  — 


М.А.Со 


LEMAC 
MAC 


[28.3 | 29 520 Pp: //, 7 


28. > 
2655 
2.7. 2— 


24, | 
26:3 


2.7.4 


- 2865 


29 520 [362.4 |// 2488684 
< 1462 | 485.| = 709070 


2& 088 1377.1 |/0 579 674] 


559 [= 1201922 


374,41 9 377052. 


8348 - 
7/0 24 
.2015 ~ 
84/6527 | 0251374 22 
۷ئ 7ھ (/о‏ 1377.1 28058 


47? |- 


- 1728 = 


120 330 [281.6 |!004787- 


= 3848 | 359 |- 1201932 


12299213819 | 8645670 
Оз 2015 | 477 |= 961156 


| 20507 s| 7784735 


57.5 


961155 | 


631792 | 


50421 
277.6 


VERTICAL  . 
Arm | Moment | 


2583 7/8 
; 


+ 28489 
$8,5 |2 G 215 
84 |- 122808 
$8.7 |2954 3+2 | 
84 |- 281232 
87,4 | 2209/4 


ва L ` 169260 
$4.€ |2038 #54 


$*.7 [2.495 344 
+70,5 121592 
844 |2367954 
84 | 281252 
‚90.8 12086722 
84 |- 169260 


9.57 119172062. 


HISTORY OF COMBUSTION STARTER - ЕСР 1013 


Оп 2 February 1955, Convair мав verbally requested by the WSPO to prepare 

and submit a proposal covering the production installation of a combustion 
Starter in lieu of the pneumatic starter on Р/ТР-102А airplanes. By verbal 
instructions, this change was to be a schedule through production with no 
retrofit to be considered. Accordingly, оп 28 February 1955 a cost proposal 
outline covering the preliminary study, design, testing and installation of 

а GFAE combustion starter in Г/ТЕ-102А airplanes uas completed. As a result 
of this action an estimate covering the installation of either the Hamiltone 
Standard, General Electric, or Eclipse Pioneer starters on Ё=102 type aire 
craft procured under Contracts AF33(600)-23903 and -29264 was prepared on an 
area "nonerecurring perversion and "recurring per airplane" basis because 

а production schedule had not yet been developed. This information was 
transmitted to Col. Turner by San Diege Message No. 2813 dated 25 March 1955. 
Subsequently, on 14 April 1955 pursuant to the provisions of ANA Bulletin 
390A an official vire transmitting preliminary ECP 1013 was forwarded through 
channels to ANC. This wire was designated SARSP-4-284-5 dated 14 April 1955. 


In ordsr to astablish tho earliest production schedule possible, subject 
‘ECP 1013 solicited contractual authorization to procesd no later than 1 May 
1955. On 5 April 1955, San Diego Message No. 425 advised Col. Turner that 
an analysis of data obtained from the operation of both General Electric and 
Eclipse Pioneer Starters оп the ShaweEstes Test Stand, indicated a definite 
Convair ргеѓегепов for installation of the Eclipse Starters. This procedure 
was verbally concurred in by the WSPO on 4 May 1955. Шо action having been 
taken to authorize the go-ahead on the combustion starter installation, 
Contracts on 16 May 1955 was foreed to rescind the area quotation praviously 
submitted on ECP 1023. 


Due to the fact thet it was no longer possible to meet airplane offectivities 
ав quoted and further besause a determinatian was currently being made by ' 
Col, Royal Baker on tho number of air flasks required per airplane, thia ‘ 
information was officially transmitted by AFPR Message SARSP-5-239-b dated 

10 May 1955. Мә further activity was taken on this change until approximately 
28 June 1955, at which time, Major Price, the Unit Chief of the F-102 WSPO 
AMC, advised Contracts and Engineering Departments that. great pressure was 
being brought to bear by Air Defense Command to insure the installation of 
combustion starters in all tactical aircraft deliversd to the using Command. 
It was further established that all Р-102А aircraft manufactured prior to the 
first tactical aircraft would require retrofit action. 


Accordingly, on the basis of GFAE availability in February 1956, preliminary 
ECP САС-7102-1013 transmitted by Convair letter 11=2%3119 dated 1 July 1955, 
was forwarded to АМС. This ECP called for the incorporation of the combustion 
starter in Fel02A airplane 54-1384 and subsequent and TF-102A 54-1361 and 
subsequent, predicated on the гесоїрї of CFAE starter prior to 15 February 1956 
and contractual authorization to proceed no lator than 16 July 1955. 
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It із noted that the Cost Estimate prepared by Estimating Department, called 
for the receipt of GFAE Starter no later than 8 February 1956 or five (5) 
months prior to airplane delivery scheduled for approximately 8 June 1956. 

It was agreed by Contracts Department, Engineering Department and Long Range 
Planning Department that since engine lead times had been established as 

four end one-half months, it was not consistent with "On Dock" requirements, to 
require starter delivery fifteen (15) days prior tothe engine for which it was 
raquíred,. 


As а result of the submittal of ador ECP, Convair received on 20 July 1955, 
Contract Change Notification 6N-313(34) covering Contract AF33(600)-23903 and 
68-314,(4) covering Contract 4F33(600)-29264. Those CCN's required the | 
installation of cenbustion starters starting with F-102A aircraft AF S/N 
54-1384 and subsequent; however, no mention was mado of TF-102A Aircraft. 1% 
was later established that vendor deliveries of combustion starters would not 
initially support the 1Ғ-102А program and that the requirement for starter 
installation in Tr-102A aircraft would be established at a later date. 


Almost immediately efter receipt of contractual go-ahead the Contracts Depart- 
ment was advised by tho Engingering Department that as the design groups 
progressed with the design for subject installation, it was becoming 
increasingly apparent that this installation was much mora complex than had 

at first been indicated. As a result, it was established that an off-station 
installation in the first ten (10) Ғ-102 airplanes as previously рдацпей, was 
not feasible but instead, that the combustion starter must be installed during 
engine build up. Another factor was, the necessity for re-design of the 041 
cooler. Fortunately, expedited action by the oil cooler manufacturer solved 
this problem before it became critical. 


As the Engineering design progressed, it became more and more apparent that 
receipt of СЕЛЕ on a timely basis was essential to the suecessful accomplish- 
ment of subject change. All departments concerned combined efforta to arrive 
at a schedule consistent with the production sequence of the aircraft affectad. 
Аз a result, оп 9 Soptembor 1955, a wire was submitted through the AFPR to AMC 
setting forth the "On Dook" requirements for receipt of combustion startera in 
order to effectively meet the proposed schedule. This "On Dock" scheduje is 
as follows: 


1956 

January 15 = 1 February 8 = 1 
January 17 = 1 February 14 = 1 
January 23 = 1 Fobruary 16 = 1 
January 25 e 1 February 20 = 1 
January 31 => 1 February 22 = 1 
February 2 = 1 February 28 = 1 
February 6 = 1 March 1 > 1 


It was assumed that subsequent to 1 March 1956, starters would be available in 
sufficient quantities to maintain aircraft schedules. 


Pags 3 
Subsequently on 15 September, Mr. F, Je Parker, Materiel Department, in а 


telephone conversation with Mr. H, Re Doughty of Eclipse Pioneer, Utica 
Division, obtained the following vendor schedule: 


2956 
January February March April Мау 
5 10 15 25 75 


For purposes of comparison, Conveir's latest installation dates as established 
by Manufacturing Control were as follows: 


AMirplano AF S/N 54-1384 27 January 1956 - 


54-1385 = 1 February 1956 
5401386 = 10 February 1956 
54-1387 - 15 February 1956 
54-1388 « 24 February 1956 
54-1389 = 29 February 1956 
54-1390 = 5 March 1956 
54-1391 - 8 March 1956 
54-1392 = 16 March 1956 —— 
54-1393 = 20 March 195654 
540139, = 22 March 1956 
5401395 = 26 March 1956 
54-1396 = 30 March 1956 
54-1397 = 3 April 1956 
541398 5 April 1956 
54-1399 » 9 April 1956 
24-1400 = 21 april 1956 
5421401 = 17 April 1956 
5421402 = 19 April 1956 
5421403 = 23 April 1956 
541404, « 25 April 1956 
55-1405 = 27 April 1956 
54521406 «+ 1 May 1956 
54-1407 = 3 May 1956 


A Сотрагідоп of the two schedules indicated above made it apparent that the 
vendor's Sohedule would not meet Convair's need date bearing іп mind that if 

the vendor delivered his first month's requirements by midnight of ths last day 
of the month, he had fulfilled hie contract requirements. It was assumed there- 
fore, that Convair could expect to receive tho first of the combustion starters 
on or about 5 February 1956, providing air freight was utilized. 


On the basis of the schedule comparison outlined above, it was the decision of 
the Change Board and the Steering Committee that ECP 1013 be rescheduled for 
production incorporation in 7-102۸ airplane №. 59 (54-1401), ох the first 
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airplane of Production Block No. 8. This effectivity was questioned by the 
Contracts Department, and it was éatablished that subject changs could be 
scheduled for production incorporation for "Ca=Station" installation in 
1024۔۶‎ airplane AF S/N 54-1392, or the midpoint of Production Block №. 7. 
Because of the high priority assigned this change by AMC and ADC, Contracts 
Department directed that subject ECP be rescheduled оп the basis of production 
incorporation іп #-102А airplane AF S/N 5441392. This effectivity was based 
on receipt of conbustion starters as follows: 


5 Pieces by 5 February 
10 Piecas by 5 March 

25 Pieces by 5 April 
42 Ріосав by 5 May | 


On 28 September 1955, AFPR ТИХ ЗАНӘР»9-709-Б was transmitted to AMC ddvising 

ef the revised production effectivity and requesting that pneumatio starters 

bo provided for aight additional airplanes AP Б/Н 5441284 thru 5491391. In 
addition, advice as to retrofit requirements was requested. Ву АМС THX 
МСРНУС-10-7-М dated 6 October, Convair was advised that all Р/ТР-102А airplanes 
would require combustion starter installation and was requested to submit а pian 
Кай кутун Ргоргаш at the oe Phasing Mecting to be hold on 19 Octobar 1955 

8% 


Sines а modification program was currently being йай for airplanes AF S/N 
53-1791 through 54-1383, it was assumed this installation would become a part 

of that program: For airplanes AP S/N 54-1384 through 54-1391 Contracts Departe 
mant was advised hy Mr. Higgins that the Production Factory vould make this 
installation at Palmdale prior to final acceptances Та regard to 1Е-102 aireraft, 
ECP 512 was assigned with a tentative effectivity of 177-202۸ airplane AB S/N 
5401347. Tho establishment of this effectivity wes dependent on Fort Worth'a 
ability to absorb this change without a delay in production. 


Firm costs for ECP 1013 were submitted by Convair Letter 11-2-4786 dated 7 
December 1955. CCN authorization to accomplish this change on aircraft АҒ S/N 
53-1816 and 53-1617 waa also requested by the submittal. These two aircraft 
have since been incorporated in Contract АРЗЗ(600)-5942 by Supplemental Agres- 
monte 


CCN 6N=3379(206) dated 13 December 1955 directed incorporation of subject change 
in three (3) additional aircraft AF S/N 53-1797, 53-1806 and 53-1813. Further; 
1t has recently been determined that gear box AERNO 48-551 іп lieu of AERNO 
48-529 should be incorporated aa part of this ECP aa an administrative specific- 
ation changes 


ECP 301381 is currently being processed through Air Force channels on area bases 
reflecting the gear box change and the addition of the threes (3) aircraft 
directed by CON 206. 


в ° 
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By the same submittal we roquestod permission to make installation of the 
starters within thirty (30) dayo after acceptance of aircraft AF S/N 
5401384 thru 5441201, due to the fact that starters wore not received early 
enough to accomplish installation prior to acceptance of these eight (8) 
eircraft, 


- 


The Form 00610 submitted by Convair requested starter deliveries as follows: 


1952 3956 
р i É И А لا‎ 
3 5 15 27 25 28 


The schedule of deliveries on the DD Form 610 returned by AMC called for 
initial quantities of starters to be delivered as follows: 


5 8 12 17 


Receipt of usable starters according to this delayed schedule would have in 
itself precluded production installation according to the required CCN 
schedule, Further, when stertera мого received, it immediately became 
necessary to ship the units to a vendor for testing before installation could 
Бә effected, thus further delaying utilization of the parte on the production 
line. A finally received, sterters have been made availabe ав follows: 


FEBRUARY MARCH — APRIL 
2 7 3 (through.5 April) 


The first two starters recoivod were shipped to Palmdale for installation 
on aircraft АР S/N 53-1816 and 53-1817. Other starters are boing issued 
to the production line ag they bscons available to be utilized as посеврахуз 
firet, for production installation and second, for modification kita to make 
installation in aircraft AF S/N 54-1392 thru 54-1400 at Palmdale prior to 
acceptance. 1% is assumed that when thio phase of the installation is 
accomplished there will te sufficient starters still on hand to maintain 
tho production lino and furnish modification kits for aircraft AF S/N 52-1284 
thru 53-1391. By tha tims this point ie reached, however, it is 8 
пе aircraft AY S/N 53-1384 thru 53-1391 vill have been accepted by the Мг 
ores. 


Ав of 12 April 1956 the best information availabe regarding reeoípt and 
distribution of starters is as follows: 


а. Two (3) starters delivered to Palmdale for aircraft 
АҒ S/N 53-1816 and 53-1817. 


| 
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b. Two (2) sterters received under Contract AF33(600)-5942 now 
being held for two of the three aircraft 53-1797, 53-1806 - 
and 53-1813, ‘diracted by CCN 206, Ons (1) additional starter 
will be required to fulfill this obligation, 


е. Six (6) starters have been delivered to engine build-up on 
the production line, 


d. Thirteen (13) starters (approximately) are now, or will be, 
available by 16 April 1956, 


Thé Vendor has advised that ono (1) starter per work дау 
will be s wm for the balance of the month, beginning 
16 April 1956, 


Та summary, there ie a total of 17 aircraft on which cómbustion starter installation 
must be made after the aireraft have left the production line, Eight (8) of these 
аге scheduled for installation after ассеріопот. All of these aireraft vill be 
equipped with pnoumetie starters as original equipment. It would appear that there 
ere sufficient combustion starters on hand at this point to make installation оп 

all aireraft prior to acceptante, However, an estimated two hundred (200) manhours 
ero required to make this change in the field. The problem now then is one of 
insufficient time rather than insufficient starters. To ascomplish installation 

on all aireraft prior to acceptance would require the maximum offort and it may be 
that sufficient manpower is not available. 5 


It іа the opinion of this departmont, howsver, that every effort should be made to 
make the {installation prior to acceptances and that with aareful planning and 
coordination botween all departments and personnel involved, it may prove possible 
to accomplish this, 


MASTER LIST OF RECIPIENES OF DELTA PINS & CERTIFICATES 


PILOT TYPE PLANE FLOWN 
Gol. R. N. Baker 7-102 
Col. Ge Е. Е Е-102 
s t. Rowland С. W, Blessley, Jr. Р-102 
Capt. Е. А. ری‎ F-102 
Capt. Robert S, Buchanan Е-102 
м... Мај, Gen. А. Boyd ` Е-102 : 
| | (ХР-92А. 28 Nov. 1949) 
— Capt. р. R, Butterfield Е-102 
Capte Ja. Se Carson F= 102 
Jo P. Coleman XFY-1 "Pogo" 
Мај, Se Re Childs 2.102. 
t — 2.8. Crossfield “ACA F-102 
@ 0. Es Dsal F-102 
Robert 7 F-102 
ÈN LB. А. Erickson w Е-102 
_— It. Col. F. K, Everest F-102 


CV سے‎ J, M, Fitzpatríok 7 


Col. Н, А. Hanes 

(V. —H. B. Harwelly 
Brig. Gon. J 8. Holtoner 
It. Cdr. Ee Re Horrell 
Maj. В. D, Hunt 

ev «He В. Henderson” 


t. VR. L, Johnson 7 


Capt, m C, Kincheloe‏ سس 
t J. М. Knebel-‏ 


(ХЕ-92А 23 Nov. 1949) 


F-102. | 
(F2Y 4 May 1955) 


Е-102. 
Ры102 
F-102 
(F2Y 4 May 1955) 
F-102 
Е-102 


F-102 | 
(ХЁ-92А 24 Oot. 1949) 


7-102: 
F-102 


ХЕ2Ү “Sea Dart" 


DATS FLOWN 


27 May 1955 

20 May 1954 

12 May 1955 

21 Mul 1955 
25 October 1954 
18 May 1955 

28 April 1954 
8 February 1955 


2° May 1955 
2 November 1954 


24 May 1955 
1 June 1954 


8 August 1955 
24 September 1954 


29 July 1955 


28 April 1954 


28 August 1954 


5 Мау 1954 | 
2 August 1955 
5 Мау 1954 


5 January 1955 
22 July 1955 


11 October 1954 


É June 1955 
1 October 1954 


15 March 1955 


CV W. J. Martin 
г : 
\ ds Be Mo Kay AACA I 
a 
Gol. 7, F. MoCarthy, Jr. 
с. A. MeDanielg 


Maj. Arthur Murray 
СУ Re E. Мутапо > 


Capt. J. 8. Nash 


Oz. J, O'Reilly 


Charles E, Richbourg 
Col. J. 1. Ridley 


Capt. М. S. Ross 
Lt. Col. W, Ge Russell 
Capt. L, И. Schalk 
‘Colonel, К. М, Schultz 
Capt. Van Н, Shephard 
GV в, p. Shannon “” 


We. Gen. б„ A. Shoop 


Maj. К, Le Stephens 
М. Т, Stratton 

uv м, С. Terry ~ 

oV ظ‎ B. Treffer” 


Col. B. E. Turner 


А J. A. Walker Мед. - 


CV R, М. Warden” 
Саг. Н. С. Weart 
Capt. Robert М. White 
Maj. We: А. Wendt 
Maj. C. E. Yeager 


Capt. James К, MacConne11” ` | 


А 


Е-102 22 July 1955 
Р-102 5 October 1954 
(XF-92A 9 Feb. 1949) 

F-102 17 May 1955 
#-102 27 April 1955 
F-102 22 October 1954 
(ХР-92А 1 Dec. 1949) 

Е-102 22 July 1955 
Е-102 20 Мау 1954 
(ХР-92А 2 Dec. 1949) 

F-102 28 October 1954 
(XF2Y-1 January 13, 1953) 
(XF-92A 28 Nov. 1949) 

F-102 5 January 1955 
Е-102 25 Мау 1955 
F-102 24 May 1955 
F-102 4 February 1955 
F-102 3 May 1955 
F-102 11 January 1954 
(ХЕ-92А 18 Sept. 1948) 

(XF2Y-1 9 April 1953) 

F-102 28 October 1954 
F-102: 28 April 1954 
F-102 7 April 1965 
F-102 15 May 1954. 
F-102 12 June 1954. 
Е-102 1 June 1954 
F-102 25 October 1955 
Р-102 23 July 1954 
(Е2Ү 4 May 1955) 

У-102 2 June 1955 
F-102 9 August 1955 
Р-102 25 May 1954 


(ХР-92А 11 Oct. 1949) 


Ехввоок 8-2711 
TExas O-7TTI 
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HUGHES AIRCRAFT COMPANY 


Division Hugh es Tool Company 


CULVER CITY 
CALIFORNIA 


August 11, 1955 


Mr. Logan Jenkins 
Editor 
Convalriety 
Convair ` 

San Diego, Calif. 


Dear Мг. Jenkins, 


Following are the names of the Hughes Aircraft Company 
pilots checked out on the F-102. 


Brig. Gen. С. Ae Shoop 
Director of Aircraft Operations and Flight Test 
and Commanding General of the 146th Fighter 
‚ Bomber Wing, Air National Guard 


Re М. DeHaven 
W, T, Stratton 
С. A. McDaniel 
Je Je O'Reilly 
0. E, Deal 


In addition, Capte Е. А. Borman, in the office of the Air 
Force Plant Representative at Hughes Aircraft Company, is 
also checked out on the Е-102% < 


Sincerely, 


Re J, Hammargren, Editor 
Hughesnews 
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HISTORY OF 343RD FIGHTER GROUP 
DATES BACK TO WORLD WAR IF 

The 343га Fighter Group, parent organization to the llth 
Fighter-Interceptor Squadron which is ncw receiving the supersonic 
Convair F-102A all-weather interceptor, traces its history back to 
the early days of World War II. 

Reactivated at its current base, Duluth Municipal Airport, 

Duluth, Minnesota, on Aug. 18, 1955, the 343rd Fighter Group is 
now commanded by Col, Robert L. Gould, combat veteran of World War 
II and holder of the Distinguished Flying Cross and the Air Medal. 

The 343rd was first activated in September, 1942, shortly after 
the Japanese, attempting to strike directly at North America, gained 
a toe-hold,in the Aleutian Islands. The new group was stationed at 
Elmendorf Field, Alaska. 

During the following four years, its mission ranged from striking 
back at the Japanese installations on Kiska and Attu to coordinating 
fighter defense of Alaskan islands, As the Japanese were pushed back, 
the group flew bomber protection missions and provided cover for return- 
ing naval task force missions. 

The 343rd Fighter Group was deactivated in August, 1946. 

' In March, 1951, with the need for the air defense of the United 
States assuming new significance, the 179th Fighter-interceptor Squadron 
of the Minnesota Air National Guard was called to active duty and 
stationed at Duluth Municipal Airport, The llth Fighter-Interceptor 
Squadron was reactivated and assigned to replace the 179th in November, 


1952. 
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343rd_FIGHTER GROUP (Page 2) 


In February, 1953, the llth FIS became a unit of the newly activated 
515th Air Defense Group, as defense activities ‘increased. The 515th Air 
Defense Group was redesignated as the 343rd Fighter Group in August, 1955. 


(Group insignia attached.) 


GROUP. COMMANDER FORMER 
COMMERCIAL PILOT 


Col. Robert L. Gould, 47-year-old commander of the 343rd Fighter Group 

Colonel Gould began flying, as а civilian in 1930, earning an air 
transport pilot's license while attending Swarthmore. Majoring in mathe- 
matics, Colonel Gould graduated from Swarthmore in 1930 with a bachelor of 
arts degree. 

In 1935, he enlisted in the Air Corps as a reservist, and, in 1936, 
he accepted a commission as a sécond lieutenant in the National Guard, 
serving as a military pilot. 

During World War II, Colonel Gould was on active duty in various 
straining assignments in the United States. Early in 1945, he was. assigned 
to the Pacific Theater with a B-29 bombardment wing, where he flew bombing 
missions against the Japanese empire. | 

Following the war, he flew one of the four В-298 which made a non-stop 
Flight from Japan to Washington, 

Early in 1946, Colonel Gould was assigned to Pacific Air Command, 

U. 8. Army Headquarters, as a member of the operations staff. He returned 
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Colonel Gould was recalled to active duty in January, 1951, and. assigned 
to Headquarters Eastern Air Defense Force, Newburgh, New York, after a tour 
at the Air War College. In 1942, he became Deputy for Operations, Alaskan 
Air Command, and in 1943, Colonel Gould was appointed Special Assistant to 
the Commander, Alaskan Air Command. 

In June, 1954, he returned to the United States and was assigned to 
Headquarters Central Air Defense Force at Grandview Air Force Base, Missouri. 

Colonel Gould assumed command of the 343rd Fighter Group on June 31, 1956. 
Holder of the Distinguished Flying Cross and the Air Medal, he is a command | 
pilot. 

Colonel Gould and his wife, Martha, have two children, Robert Г. Gould 


Jr, ard Rebecca. (Picture attached) 
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CONVAIRIETY 


327th Mghter-Intercepbor Squadron, 

Formed July 10,1942 as an operational training unit and койехризх 
xbxmgaedzko 2 operated from Hamilton Field near SF; role later changed to 
rep;acement pilot training in F - 39 aircraft. Disbanded March 31,1944 as 
World War 11 mission completed, 


327th reactivated "recently," 
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COMMANDER OF 343RD FIGHTER GROUP — Col, Robert L, Gould, 47, commands the 


343rd Fighter Group, parent organization of the llth Fighter-Interceptor 
Squedron which is the second squadron to receive the supersonic Convair F-1024 
all-weather interceptor. Colonel Gould is a career flying officer and a combat 
veteran of World Маг ІІ. The 343га Fighter Group operates from Duluth Municipal 
Airport, Duluth, Minnesota. Colonel Gould holds the Distinguished Flying Cross 


and the Air Medal, 


-ff 


MM 


The llth Fighter-Interceptor Squadron 
# ox. | | 
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DULUTH-BASED SQUADRON 
SECOND TO OPERATE Ғ-1025 

The llth Fighter-Interceptor Squadron, stationed at Duluth Municipal 
Airport, Duluth, Minnesota, will become the second United States Air Force 
squadron to place the supersonic Convair Е-102А all-weather interceptor into 
Air Defense service. 

One of the squadrons of the 343rd Fighter Group, which is based at Duluth, 
the llth Fighter-Interceptor Squadron is commanded Бу Lt. Col, Robert М. Myers, 
air combat veteran of World War II. 

Its parent organization, the 343rd Fighter Group, із part of the 31st Air 
Division (Defense), which in turn is under operational control of the Central 
Air Defense Force, a major element of the USAF Air Defense Command, 

As the llth Pursuit Squadron, the present llth Fighter Interceptor 
Squadron was activated January 16, 1941, at Selfridge Field, Michigan. In 
October, 1941, it moved to Key Field, Meridian, Mississippi; and in December 
departed for Elmendorf Field, Alaska, to actively engage the Japanese. 

During the later part of World War II, as the Japanese were pushed back, 
the llth performed mainly an air defense mission. It was. deactivated in August, 
1946. 

Reactivated again on November 30, 1952, the 11%Һ Fighter-Interceptor 
Squadron replaced the 179th Fighter-Interceptor Squadron of the Air National 
Guard at Duluth Municipal Airport. 

Its pilots and maintenance personnel have recently undergone thorough 


indoctrination in schools of the Air Force, Convair Division of General Dynamics 


United Aircraft Corporation. : 


e. lm. 


LITH FIGHTER SQUADRON (Page 2) 


The men and the Ғ-1028 of the llth are ready for action at any hour, 
day or night, whatever the weather, They will fly around the clock, with 
full armament on board and every sense alert. 


(Squadron insignia attached) 


SQUADRON COMMANDER HAS 
FLOWN 45 KINDS OF AIRCRAFT 

Lt. Col. Robert M. Myers, commanding officer of the llth Fighter- 
Interceptor Squadron, has been flying since he left the University of Kansas 
in 1931. 

Before entering the then Army Air Corps in 1943, Lieutenant Colonel Myers 
accumulated more than 1500 flying hours as a commercial pilot. 

An air-combat veteran of World War II, Colonel Myers wore the dual pilot's 
wings of both the United States Army Air Corps and China, since he flew combat 
missions over the China mainland. 

Later in his military career, Colonel Myers became the first United States 
air officer with the military advisory group on the island of Formosa. 

Since entering military service, Colonel Myers has totaled approximately 
6000 flying hours in military aircraft. His total flying time of 7500 hours 
has been accumulated throughout the years in about 45 different kinds of 
aircraft. 

Prior to his assignment as commander of the llth Fighter-Interceptor 
Squadron, Colonel Myers, who is rated аз а senior pilot, commanded the 5th 
Fighter Squadron at McGuire Air Force Base, New Jersey, and the 4th Fighter 
Squadron on Okinawa. Не was also assistant director of flight safety for 25 
months &t Air Defense Command Headquarters in Colorado Springs, Colorado. 


dee 


llTH FIGHTER SQUADRON (Page 3) 


Holder of the Distinguished Flying Cross, the Air Medal, and the Bronze 
Star, Colonel Myers and his wife, Hildegarde, have two children, Robert and 
Patricia. | | 

(Picture attached) 
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AIR DEFENSE COMMAND 
Ent Air Force Base 
Colorado Springs, Colorado 


WELCOME to "William Tell II" - the realistic test of 
America's long range air defense. I believe the 
activities you see here will provide an insight into the 
air defense mission and the urgent need for a trained 
force capable of meeting and stopping an enemy strike 
force far distant from their targets. 


TIME is the most vital element in the air defense of 
our nation today. TIME to identify, intercept and 
destroy the enemy before we can be harmed seriously. 


Now, and for some time to come, a major threat in air 
attack is the long-range manned bomber. As the striking 
forces of two countries tend to equalize, an air defense 
system that can assure survival of our nation becomes the 
key to the "deterrent force" concept of the United States. 


Air offense and air defense are mutually supporting and 
inseparable. Without such a unified relationship we can 
not maintain an adequate deterrent against attack. 


To be effective, air defense forces must be capable of 
providing earliest possible warning of attack. They must 
be organized to engage the enemy quickly, as far out as 
possible. They must be prepared to conduct area defense 
and have the flexibility to meet fast changing threats. 


The faster the enemy's delivery system, the faster must 
be the reaction time of our air defense system, Here 
again TIME is the key element. 


Today's air defense functions are carried out by human 
operators and by SAGE, the Semi-Automatic Ground 
Environment system now operational in the Northeastern 
United States. This system will accomplish in seconds 

the many computations necessary to air defense, and will 
display, for the sector commander, the order-of-air-battle 
alternatives. Other SAGE installations across the nation 
are rapidly being phased into the air defense system. 


To provide the means of destroying enemy bombers, the 

Air Defense Command and Canada have deployed an extensive 
radar, communications and weapous complex throughout the 
two countries, To place the interceptor in a position to 
attack an enemy aircraft, radar controllers on the ground 
"vector" the pilot to his target. This radar controller 
is as essential as the pilot. In effect they form an 
inseparabie team. The radar and comnunications network are 
the tools used in the accomplishment of missions. 


The weapon’ systems include several types of interceptor 
aircraft for flexibility in air-to-air attack. Among the 
Air Defense Command's newest operational supersonic fighters 
аге the F-101B "Voodoo" (McDonnell), F-102 "Delta Dagger" 
(Convair), the F-104 "Starfighter" (Lockheed), and the 

Е-106 "Delta Dart" (Convair). These aircraft are armed with 
the Falcon and Sidewinder target-seeking misSiles, and the 
Genie air-to-air atomic rocket, 


To augment this long range defense, the Air Force will soon 
have the high-speed, far-ranging BOMARC ground-to-air 
missile with the В model having à range of over 400 miles. 


Air Defense today must be on a "ready-to-go" basis for 
there will be no time for mobilization. It must be ready 
to go with weapous such as these being flown and fired in 
the Tyndall “Willian Tell ТІ" competition. 


1 ат proud of what these Air Defense Command people are 
doing and what they would do in defense of their country 
if called upon. This Weapons Meet will give them, and 
the air defense of the nation much of the confidence 

and esprit that has always marked out national air effort. 
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Colonel, USAF 
Command Information 
Services Officer 
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ABORT - When a mission is abandoned, An abort occurs 

any time following engine start until a firing or identifi- 
cation pass is accomplished. Aborts may occur frecause of 
malfunction of the aircraft, its electronic equipment or 
when the pilot is physically unable to continue the mission, 


AFTERBURNER - Ай auxiliary combustion chamber within or 
attached to the tailpipe of a jet engine. Raw fuel is 

injected into the afterburner to be mixed with the hot gases 
coming from the combustion chambers of the regular engine. 

This additional afterburner combustion increases the temperature 
of the exhaust gases as they leave the tailpipe and produces a 
very marked increase in thrust. 


AIR DEFENSE - А11 measures designed to nullify or reduce the 
effectiveness of an attack by hostile aircraft or guided 
missiles after they are airborne. 


AIR DEPENSE COMMAND (ADC) ~ A major USAF Air Command with 
headquarters at Colorado Springs, Colorado.  ADC supplies 
about 85% of the manpower and hardware asSigned to the air 
defense of the United States. | 


AIR DEFENSE IDENTIFICATION ZONE (ADIZ) - А geographical 
area bordering the United States in which all aircraft must 
be identified by prescribed methods. In the event an 
unidentified aircraft enters an ADIZ it will be intercepted 
for visual identification. 


AIR DIVISION - А subordinate command of the Air Defense 
Command responsible for the discharge of USAF responsibilities 
in a geographical sector of the United States. Air Divisions 
may be either SAGE or manual. SAGE air divisions contain 

air defense sectors named after a major city within the 

sector and the division itself is given a number, Example: 
26th Air Division (SAGE) - covering the Northeastern portion 
of the United States from south of Washington through Maine. 


AIR SURVEILLANCE - The systematic observation of airspace 
by electronic, visual or other means primarily for the 
purpose of detecting, identifying and determining the 
movements of all aircraft and large missiles, friendly or 
enemy, in the airspace under observation, 


AIRBORNE INTERCEPT (AI) RADAR - A specially designed radar 
normally carried by interceptors for locating hostile aircraft. 


AIRCRAFT CONTROL AND WARNING SYSTEM (AC&W) - A control and 
warning system established to control and report the movement 
of aircraft. It consists of observation facilities (radar 
and/or visual), control centers and the necessary communications. 


ale 


ALL-WEATHER INTERCEPTOR - An interceptor equipped with radar 
to detect and destroy hostile aircraft without dependence 
upon direct visual contact, and provided with instrument- 
flying equipment and other equipment for operating under 
varying weather conditions. 


AN/FPS-6 - This is a high-power, long-range, height-finding 
radar. Its primary function is to furnish height information 
when used in conjunction with a controlling long range search 
radar set for GCI application. 


AN/FPS-20 - This is a high-power search radar providing range 
and azimuth information to the air defense system. 


AOCM - Aircraft out of commission for maintenance. 
AOCP - Aircraft out of commission for parts. 


ATTACK VECTOR - The final vector given to an interceptor 
pilot which will place him in a position from which to fire 
his weapons. 


BEAM ATTACK - A lead collision attack course from a position 
roughly 90 degrees off either side of the bomber being 
attacked, If the pattern of the flight were foilowed through, 
a collision would occur between the bomber and attack aircraft, 
however the weapon is fired at sone distance from the bomber 
and the interceptor goes through a break-away maneuver. 


BLIP - The presentation on the oscilloscope of a radar caused 
by the echo from an aircraft or other reflecting objects. 


BROADCAST CONTROLLED INTERCEPTION - An interception in which 
the Lerceptor is given the area of interception by a surface 
or air station and effects interception without further control, 
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CENTRAL AIR DEFENSE FORCE (САРЕ) - A major sub-ccmmand of the 
Air Defense Command responsible for discharging USAF responsi- 
bilities for air defense in the central third of the United 
States. Headquarters are at Richards-Gebaur AFB, Missouri. 
The Eastern Air Defense Force and Western Air Defense Force, 

as well as CADF, have heen or will be deactivated and the 
divisions will report directly to Hq ADC under the SAGE 
concept. 


CLOSE CONTROLLED INTERCEPTION - An interception in which the 
interceptor is continuously controlled by a surface or air 
station. 


COLLISION ATTACK - An interception attack tactic in which the 
interceptor closes for а collision with a bomber on a constant 
heading. 


COMBAT TRAIL - А formation of threé or more interceptor 
aircraft in a flight in which the flight leader is followed 
by the others at designated intervals maintaining flight 
integrity by using the fire control system scope. 
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соир ALTITUDE - The altitude to which the interceptor 


jefore leveling off. 


CONTACT - А word which denotes that there is an indication 
of the target on the radar scope. 


CONTACT LOST - A track still within the area of radar coverage 
Which Xs no longer discernible by reason of ground clutter, 
electronic countermeasures, operational difficulties, or other 
reasons. 


CURVE OF PURSUIT INTERCEPTION - In this type of intercept 

the fighter-interceptor aircraft is given sector changes which 
keep its nose pointed directly forward or slightly in the lead 
of the hostile aircraft. It usually requires a speed advantage 
because of the greater ground distance covered in constant 
maneuvering. | 


DATA . LINK - А communication method in which messages of a 
Specific number of types are sent from a ground transmitter 
to an interceptor aircraft in digitally encoded pulses. The 
purpose of data link is to cut. down the necessity for voice 
communication between the pilot and the control elements 
whether such control be manual or electronic such as in SAGE. 


рЕТЕСТТОН - The initial observation о? a moving airborne 


DIRECT CONTROL - Direct control is the control of intercepting 
when the target aad fighter interceptor position are 
known to the director and radio contact can be effected between 
the director and the interceptor pilot. 


DIRECTION CENTER (DC) = The radar installation having the 
capa LLity of performing air surveillance, air control and 
direction of air defense weapons. 


DRONE - A pilotless airplane of reciprocal or jet design 
controlled by remote means and once airborne guided and 
directed by в mother aircraft ог a ground control station. 
At the William Tell Weapons Meet all drenes are Ryan Q2A 
jet and are controlled by radio from the ground. 


EASTERN AIR DEFENSE FORCE (ЕАПЕ) ~ А major sub-comuand of 

Іт Defense Command responsible for discharging USAF 
responsibilities for air defense in the eastern third of 

the United States. Headguarters are at Stewart AFB, New York. 


ELECTRONIC COUNTER-COUNTERMEASURES (ECCM) - That portion of 
electronic wariare involving actions taken to insure our own 
effective use of electro-magnetic radiations in spite of the 
enemy use of countermeasures. 


ELECTRONIC COUNTERMEASURES (ЕСМ) — That portion of electronic 
wartare invo ving actions Aken to prevent or reduce the 
effectiveness of епешу equipment and/or tactics that employ 
or are affected by electro-magnetic radiations or re-radiations. 
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ELEMENT ~ Two aircraft, when such aircraft are part of a 
fiight of four aircraft. 


EVASIVE ACTION - Any abrupt or erratic change or series of 
Changes in the altitude or direction of an airplane made to 
avoid the attack of a hostile airplane. 


FALCON - А supersonic air-to-air missile used by the Air 
Defense Command. One series (GAR-1) is guided by radar. 
Another series (GAR-2) is guided by infrared emanations from 


the target. 

FCS - Fire Control System. 

FLAME-OUT ~ The extinguishment of the flame in the jet engine. 
FIS - Fighter Interceptor Squadron. 


FLIGHT - Апу number of aircraft, up to five, operating as a 
unzt. 


GAP-FILLER RADAR ~ An unattended robot radar installation 
designed to fill the gaps in the coverage of main radars caused 
by terrain irregularity and earth's curvature. 


GENIE (МВ-1) = An air-to-air missile used ру ADC interceptors 
capabie of carrying an atomic warhead. 


GROUND CLUTTER - Ground Clutter is the term given to those 
radar returns caused by terrain features near the radar station. 


GROUND CONTROLLED INTERCEPTION (GCI) - The interception of 
کےا‎ | Дараа beer LAN ыа er arate 
alroorne targets by Тетеп Гу aircraft or guided missiles 
receiving instructions from a Direction Center. 


HACK -- A slang expression meaning successful performance of 
an air defense mission. 


HEAD-ON INTERCEPTION = In this type of interception the fighter 
interceptor is vectored оп a heading reciprocal to the hostile 
track, that is, on a course 180° to the hostile course, 


IDENTIFICATION - The determination of an aircraft's friendly 
or enemy character by any means, or a combination of means, 
including visual recognition, flight plan correlation, 
electronic interrogation, track behavior, etc. 


IFF = "Identification, Friend or Poe." А general term applied 
to electronic equipment used to identify hostile or friendly 
aircraft. 

IFR = Instrument Flight Rules. 

IN-PLACE TURN - A turn executed at the same time by all the 
interceptor aircraft in a trail formation. 
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IN-TRAIL TURN - A turn executed by an interceptor aircraft 
in à trail formation at the same position as, but at. a later 
time than, the turn executed by the next aircraft ahead. 


INTERCEPT CONTROL CONSOLE - The equipment unit which comprises 
most of the displays and controls for directing interceptor 


aircraft, 


INTERCEPT DIRECTOR - The intercept director is responsible 
to the weapons assignment director for the effective control 
of all assigned interceptors. He issues to his interceptors 
such instructions ав are necessary to insure an orderly 
attack and recovery as directed. 


INTERCEPTION - The encounter of interceptor weapons or guided 
missiles With an airborne target, normally as a result of a 
flight path preplanned to effect such encounter in the shortest 
practical time. 


JAMMING - Intentional interference with normal operation of 
radio communication or radar @quipment. 


JUDY = А word signifying that the aircrew has made airborne 
interceptor (AI) radar contact with the designated target and 
has assumed control of the interception. 


LEAD COLLISION ATTACK - А collision attack in which the 
interceptor closes on a point at Some constant distance ahead 
of the bomber to allow for the speed differential between the 
interceptor and its armament. 


MA - Mission accomplished, 


MACH - The ratio of true airspeed to speed cf sound at a 
particular altitude. 


MATTS - "Multiple Airborne Target Trajectory System." Ал 
electronic tracking system which will give real time plotting 
information. А small carrier wave radio signal source must 

be added to any airborne object to be tracked, which transmits 
to two ground receiving stations, 


MISSED INTERCEPTION (MI) - A term used to indicate that the 
| ті ій not result іп visual or electronic 


contact with the target. 


NORAD - "North American Air Defense Command." A joint Chiefs 


"Of Staff directed organization responsible for the conduct 


of air defense operations in the United States, Canada and 
Greenland. NORAD components include the USAF ADC, the 
Army ADC, U. S. Naval Forces for air defense, and the | 
RCAF АРС. Headquarters are in Colorado Springs, Colorado. 
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OPERATIONALLY READY - Those aircraft or weapons with crews 
which are capable of immediately fulfilling the mission for 
which they were assigned to a unit without installation of 
additional equipment and/or maintenance of installed equip- 
ment, 


PARAMI - "Parson's Ring-Around-Miss Indicator." An electronic 
device utilizing a transponder in the missile which, by varying 
pulse rates, indicates to a ground station the distancé missed 

in feet, 


PASSIVE DETECTION - The detection of electronic emissions of Е" 
unknown or hostile forces. 


PIOT - The visual display on a plotting board indicating the 
location in space of an airborne object as determined by its 
range and azimuth fram a radar station. 


POUNCE - The term used to denote that the interceptor has 
reached the position from which a successful attack can be 
launched. 


PPI SCOPE = Plan Position Indicator. The sweep is a radius 
of the tube face and moves around through 3609. It gives 
aZimuth by direction of the radial iine and range by the 

distance of the signal from tae center of the screen. 


PURSUIT ATTACK - An interception attack tactic in which the 
interceptor Closes on the bomber while keeping it on a 
relative bearing of 09 resulting in a curved course. 


RADAR ~ Radio detection and ranging equipment that determines 
the range and azimuth of objects by transmission and réceipt 
of electro-magnetic energy. 


RADAR COVERAGE - The effective coverage in an area or in 
airspace provided by a radar set or network. 


RADAR LOCK-ON ~ The term used to describe contact made between 
the airborne radar of an interceptor and the target aircraft. 


RADOME - A protective dome or dome-like covering for a radar 


RECOGNITION - The visual determination of type, 2.” 
ownership and numbers of aircraft іп an interceptor target « 


RECOVERY PHASE - That portion of an air defense mission from 
cessation of the interception to landing at a home or recovery 
base. 


RADAR OBSERVER (RO) - An aircraft cbserver trained in the use 

of airborne radar equipment. He operates radar equipuent to 
obtain information relevant to navigation, interception, 
search or bombing. 
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RUNWAY ALERT - This is the highest degree of alert before 
interceptors are airborne. 


SAGE - Semi-Automatic Ground Environment. А name for the 
defense system that provides instantaneous information needed 
for waging air battles, built about a type of electronic 
digital computer that reports and acts upon a developing 
situation. 


SCRAMBLE ~ An order directing one or more fighter interceptor 
aircraft to become airborne for an air defense mission. 


SECTION - Two flights of aircraft in one formation when such 
aircraft are part of a squadron formation, 


SENIOR DIRECTOR - The officer responsible for the operation of 
the direction center and for the conduct of air defense with 
2 subsector during a specific tour of duty, 


SONIC BOOM = A loud report generated by a plane flying at: 
Supersonic speed and heard on the ground. The intensity of 
the boom is in direct relationship to the altitude of the 
plane and the angle of attack of an aircraft. For instance, 
in a straight and level flight pattern, the boom on the 

ground would not be as intense as if the aircraft were pointed 
toward the ground at a particular spot. 


SPLASH = The term used to denote that enemy weapons have been 


өр от down. 


STERN ATTACK - An attack in which the closing angle is in the 
peighborhood of 1809. 


TALLYHO = А term used by the interceptor aircrew to indicate 
visual contact with the assigned target. 


TRACK = Ап established track is an initial plot followed by 
a minimum number of subsequent plots necessary to clearly 
indicate movement. 


VFR - Visual Flight Rules. 

WEAPONS ASSIGNMENT DIRECTOR - The director who assigns targets 
and weapons to the intercept director and effects coordination 
between the intercept director and the recovery director to 
insure an orderly attack and recovery. 

WESTERN AIR DEFENSE FORCE (WADF) - A major sub-command of the 
Air Defense Command responsible for discharging USAF responsi- 
bilities for air defense in the western third of the United 
States. Headquarters are at Hamilton AFB, California. 


WX - Weather, 
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Pilot--The pilot is one of the most romantic figures of 
twentieth century America and everyone is familiar 
with his duties. An interceptor pilot, however, has | 
a somewhat more difficult job than his brothers under . 
the wings. Не is not only required to take off and 
land and handle in the air the hottest operational : 
aircraft yet designed, but also place his craft i 
accurately at that point im space where the director 
on the ground believes it should be. Then he must 
hold the course prescribed by the director, make sure 
the armament is ready to fire and accomplish the proper 
escape maneuver when the rockets’ and missiles have 
fired, All this he must do according to the precise 
procedures laid down in the tactics manual. Modern 
interceptors are not flown "by the seat of the pants," 
but by highly trained technicians who follow carefully 
worked out techniques. Іп the Е-100, F-104 and F-102, 
the pilot is required to tend the radar equipment as 
well as control the aircraft, In the Е-897 he has the 
help of the radar operator, 


Radar Operator---This specialist takes part of the burden from 
the shoulders of tbe pilot in the Е-894. He soives 
navigation problems and uses his radar to search for 
the target. When he locates the target he guides the 
pilot into position for successful attack, 


Airframe and Engine Mechanic--This man determines whether or 
not the aircraft wiil get off the ground and, when 
airborne, whether or not it will respond to the controls 
aS it should. He keeps the engines, the controls and 
the airframe in working condition. 


Armament Specialist--This men is highly important in the success 
or failure of a combat mission. He checks the rockets and 
missiles and their internal controls. He makes sure the 
weapons are properly loaded on the aircraft and wedded to 
the armament controls in the cockpit. If his unit flies 
the F-89J he will have to be familiar with the MB-1 (and 
the training version known as МА-1). The armament 
Spacialist with an F-102A squadron will handle Falcon 7 
missiles. The man assigned to F-160 and F-104 units will 
deal with the Sidewinder. heat-seeking missile, 


Fire Control Specialist--This man watches over the heart of the 
all-weather interceptor. If the fire control svstem is 
inoperative, the interceptor cannot "see" the target in 
darkness or bad weather and cannot direct the missiles ог 
rockets accurately. He deals with tubes and wiring 
diagrams and intricate testers. Не is an electronics 
technician with much difficult training behind him. 
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INTERCEPTOR AIRCRAFT 


F-89J (Northrop Scorpion) - A modification of the F-89D 
to permit use of the МВ-1 nuclear warhead rocket. 
This is a twin-engine, two-mancrew aircraft which 
weighs twice as much as the F-86L. It is, however, 
capable af speed of about 600 mph. and can reach an 
altitude of about 45,000 feet. Like the F-89L, it 
has a range in the neighborhood of 1,000 miles. 


F-100 (North American Super Sabre) - The F-100 Super 
Sabre is an air superiority fighter with a Pratt and 


Whitney J-57 pawer plant. It can operate at ceilings 
over 50,000 feet with a supersonic range of over 1000 
miles. The F-100 carries a crew of one. Super Sabres 
are not employed by the Air Defense Command but are used 
by the Air National Guard and by the Tactical Air Command 
in support of the nation's air defense and tactical air 


requirements. 


F-102A (Convair Delta Dagger) - The First of the Century Series 
of fighters to be put to use in air defense. It is a 


modern, delta-wing, single-engine, supersonic inter- 


ceptor carrying a crew of one, It can fly at about 800 
mph. and at altitudes above 50,000 feet. The Е-102А 


the new workhorse of the air defense system. 


Е-104 (Lockheed Starfighter) - With stubby wings only 74 feet 


long, the Starfighter now holds the world's speed, 


altitude and time--to-climb records. Air Defense Command 
deploys Starfighters on the East Coast, West Coast and 
in the Central part of the United States. Armed with 
Sidewinder missiles, the F-104s are designed to conduct 
missions even in the upper stratosphere. Powered by a 
General Electric J-79 turbojet engine with afterburner, 
developing over 15,000 lbs. of thrust, the Starfighter 
is classed as a MACH 2 fighter with a ceiling of above 


75,000 feet, 
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INTERCEPTOR ARMAMENT 


МА-1 or Gerie (F-89J) - This is a long, relatively large 
rocket that comprises one of the most lethal 
arms in the ADC arsenal when loaded with its atomic 
warhead (and known as the MB-1 when so loaded). It 
is a relatively simple piece of ordnance, since it 
contains no complicated guidance mechanism. Because 
it is a rocket, rather than a guided missile, it must 
be aimed correctly in order to score a hit. 


Falcon (Е-102А) - А guided missile currently used in air 
defense, One type is guided to the target by radar. 
Another type is drawn to the target by the infrared 
(heat) rays given off by the target. These missiles 
are about 6$ feet long, 6 inches in diameter ànd carry 
à high explosive warhead. 


Sidewinder (F-104 and F-100) - А heat-seeking guided missile 
successfully employed by the Chinese Nationalists in 
Formosa to destroy enemy MIG jets. Powered by solid 
propellant rockets, the Sidewinder is manufactured by 
the U. S. Navy and the Philco Corporation, It is 
108 inches long, 5 inches in diameter and weighs about 
155 lbs. 
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SENIOR PILOT -- 1%. Col. Robert М, Myers, veteran of World War II, commands 
the llth Fighter-Interceptor Squadron, second Air Force unit in the nation 
to operate supersonic Convair F-102 all-weather interceptors, The llth FIS 
is a squadron of the 343rd Fighter Group (Defense) . Colonel Myers holds the 
Distinguished Flying Cross, the Air Medal, and the Bronze Star. His llth FIS 


operates from Duluth Municipal Airport, Duluth, Minnesota. 
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JOINT CENTRAL AIR DEFENSE FORCE 
CENTRAL AIR DEFENSE FORCE 
хин 

Joint Central Air Defense Force, with headquarters at Grandview Air 
Force Base, Missouri, is the central operational unit of the Continental 
Air Defense Command, 

It is charged with the aerial defense of the central portion of the 
United States. The area includes all of the states of Wyoming, Colorado, 
New Mexico, Texas, Kansas, Nebraska, South Dakota, North Dakota, Minnesota, ' 
Iowa, Missouri, Arkansas; the major portions of the states of Montana, Utah, 
Arizona, and Louisiana; and a small section of the states of Wisconsin and 
Illinois. | | 

Joint CADF is grouped with Joint Western Air Defense Force and Joint | 
Eastern Air Defense Force to form the Continental Air Defense Command-- 
CONAD--which is headed by General Earle E, Partridge. 

Through its three Defense Forces, CONAD is in the process of building 
and maintaining а radar cover extending 10,000 miles long around an area 
of 3-million square miles, and reaching 10 to 12 miles high. Joint CADF 
alone is charged with the protection of almost half of the American homeland. 

Under the operational control of Joint CADF in its air defense mission 
are such augmented forces of the Air Force, Army, Navy, and Marine Corps-- 
including reserve and national guard components--as are made available for 
air defense of the central United States in the event of national emergency. 

In its primary mission Joint CADF works closely with the volunteer 
Ground Observer Corps, the Civil Aeronautics Administration, Federal Civil 
Defense Administration, Federal Communications Commission, Civil Air Patrol, 
and other civilian and military agencies serving or concerned in national defense. 
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Joint Central Air Defense Force is commanded by Maj. Gen. Jarred V. Orabb, 
Brig. Gen. Edward W. Suarez is deputy commander. Col. Leslie J. Staub is JCADF 
Army Deputy and Commander, Central Antiaircraft Regional Command; aid Cmdr. Jack 
L. Evans is the JCADF Navy Deputy. 

| Central Air Defense Force, which is the air component of Joint САГЕ, covers 
the same geographic area, There are five Joint Air Defense Divisions under 
Joint CADF. They are: 


Twentieth Air Division, Gommanded. by Brig. Gen. Clifford Н. Rees, 


Twenty-ninth Air Division, commanded by Brig. Gen. James 0. Guthrie, 
Thirty-first Air Division, commanded by Brig. Gen. William A. Matheny. | 
Thirty-third Air Division, commanded by Brig. Gen. William Р. Nuckols. 
Thirty-fourth Air Division, commanded by Brig. Gen. Wendell W. Bowman. 

Each Air Division Commander in the Joint Central Air Defense Force is 
autonomous to a degree in that he has the authority to direct an air battle 
in his sector. 

A system of communications keeps Headquarters Continental Air Defense 
Command, the headquarters of the three Joint Air Defense Forces, and all 
Joint Air Defense Divisions informed of the state of defense, enabling each 
commander to make necessary decisions in coordinated and nation-wide Air 


Defense activities. 


COMMANDER OF JOINT CENTRAL AIR DEFENSE FORCE 
BEGAN FLYING IN 1929 

Maj. беп, Jarred Vincent Crabb, commanding general of Joint Central Air 
Defense Force, was born in Olney, Illinois, September 18, 1902. He graduated 
from Purdue University in 1925 with а bachelor of science degree, 
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In February, 1929, he enlisted as a flying cadet in the Army Air Corps. 
He was appointed a second lieutenant in 1930. 

From 1930 to 1942, General Crabb: served in various assignments in the 
United States, Panama Canal Zone, and Newfoundland, where he was commanding 
officer of the United States Army Air Base. 

In November, 1942, General Crabb was named to command a bombardment group 
at Columbia, South Carolina, and accompanied that group to the South Pacific 
Theater. Не became chief of staff of the Fifth Bomber Command in September, 
1943, and a month later was assigned to headquarters of an advanced echelon . 
of the Fifth Air Force, 

General Crabb rejoined the Fifth Bomber Command in February, 1944, and 
in April, 1944, was appointed commanding general. He later became commanding 
general of the 314th Composite Wing. 

In September, 1946, General Crabb. was appointed deputy commanding general 
of the Ninth Air Force at Greenville, South Carolina. Не was appointed 
commanding general of the 13th Air Force at Clark Air Force Base, Luzon, 
Philippine Islands, in November, 1948. 

In June, 1949, he became deputy chief of staff for operations of the 
Far East Air Forces, with headquarters'at Tokyo, Japan. 

General Crabb Ъесаше chief of staff of the Air Defense Command at Ent 
Air Force Base, Colorado, in January, 1952, Не held that position until 
July 23,-1954, at which time he became commander, Central Air Defense Force, 
with headquarters at Grandview Air Force Base, Missouri. 

General Crabb has been awarded the Distinguished Service Medal, Legion 
of Merit, Distinguished Flying Cross, and Air Medal. 

He and his wife, Eleanor Crabb, have two children, Jarred Richard and 


Elizabeth Anne, | 
(Picture attached) 
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MAJ, GEN, JARRED V, CRABB--Commanding General of Joint Central Air Defense 


Force of the Continental Air Defense Command, with headquarters at Grandview 


Air Force Base, Missouri. 
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"Defend the United States Against Air Attack." 

That seven-word sentence states the mission of the nation's youngest military 
organization, the Continental Air Defense Command. 

Translated into action, CONAD's assignment involves one of the largest construction 
jobs ever attempted by man. To accomplish its mission CONAD must build and maintain 
over America a "fence" that is 10, 000 miles long around an area of 3- million square miles, 
and make it 10 to 12 miles high above the level of surrounding seas. 

Moreover this fence must be as nearly hole-proof, leak-proof and rat-proof as 
it is possible to build within the envelope of resources and manpower made available to 
CONAD for its Air Defense task. 

It must be able to defend against the ever-increasing speeds ànd altitudes of the 
modern bomber, and the accurate navigation and radar-bombing devices which make 
distance and weather no longer deterrents to long-range bomber flights. 

And it must be able to defend against an attack initiated by an enemy who will have 
almost unlimited avenues of approach available for selection. . .if and when he decides to 
send long-range bombers against this country. . 

In building its protective fence, CONAD needs first of all an adequate warning 
system that will provide a detection capability extending far enough outward from the nation's 
borders and coastal areas to allow the time necessary for interception and air battle by its 
interceptor planes, and for action by its anti-aircraft forces. 

It must have the maximum early raid warning attainable, both in order to bring 
the military defense system up to fullest possitis effectiveness to counter the attack, and to 
alert the civil defense system to approaching 00+ 
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Next the air defense system requires high performance fighter-interceptor air- 
craft capable of making bomber interception in any kind of weather. . .rain or shine, night 
or day, in any climate and in every season of thé year. 

It requires anti-aircraft guns and ground-to-air guided missiles for the close-in 
protection of specific targets against hostile bombers or missiles which may succeed in 
penetrating outer air defenses. 

It requires one of the most complex - reliable and fool-proof communications 
systems ever devised. 

It requires real estate--often very valuable real estate--on which to locate the 
aircraft squadrons, the radar bases and control centers, the anti-aircraft battalions and 
the guided missile batteries. 

Above all it requires highly skilled and dedicated people, thousands upon thous- 
ands of men and women working around the clock, seven days a week, every week of every 
year, to operate and maintain this complex equipment; and many more people to. provide the 
essential logistic support for the air and ground. combat crews. 

CONAD ORGANIZATION 

It was because of such exacting requirements that the Continental Air Defense 
Command came into being in September, 1954. This command, which reports directly to 
the Joint Chiefs of Staff in Washington, D.C., brought under one management the full 
potential of Air Force, Army, Navy and Marine Corps forces available. . .and capable. . . 
of participating in the Air Defense Mission; of Баана апа maintaining this fence in ће sky. 

It is the first true "joint" command inside the United States in the country's history. 


Defense officials feel it is a "must" because no longer is it possible to defend this nation in a 


si “š 


CONAD (Page 3) 
split-second kind of world by trying to solve with the separate service chiefs individual 
Air Defense: problems as they might occur in an emergency, 

General Earle E. Partridge, the Commander-In-Chief, is flanked at his 
Colorado Springs headquarters by Lt. General Stanley R, Mickelsen, chief of the Army's 


HUGH и. GOODWIN 
mehiozehouse/ who heads all Navy 


Anti-Aircraft Command, and by Rear Admiral А ет 


and Marine Forces allotted to the Air Defense Mission. 

General Partridge has operational control of all the forces assigned to CONAD. 
The CONAD concept of operations, however, is decentralization of control. The very nature 
of its mission--to provide adequate air defense any unknown time--dictates this policy, since 
the time factor involved is all-importarit. 

| 

Directly responsible to CONAD Headquarters are three Joint Air Defense Forces: 
Eastern ADF, with headquarters at Stewart Air Force Base, Newburgh, New York; Central 
ADF at Grandview Air Force Base, near Yid City, Missouri, and Western Air Defense 
Force, Hamilton Air Force Base, California. 

Commanders of these Forces have within their areas a corresponding operational 
control of Air Force, Army, Navy and Marine Air Defense Forces to that exercised at 
CONAD Headquarters. 

Under the three Air Defense Forces are 16 Air Divisions, severalin each Defense 
Force area. The Divisions exercise direct operational control of all Air Defense units 
within their sector of responsibility. 

The Divisions perform and supervise all measures necessary for adequate Air 
Defense-~including the operation of radars and interceptors, allocation of forces, 


implementation of security control plans, and activation of warning networks. Each 
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Division has a Control Center where reports of hostile aircraft and interceptions are 
plotted on a large vertical plastic plotting board. 

Finally, within the Air Defense structure are the Direction Centers which are 


located strategically within the Air Division areas. 


where interceptor planes are "scrambled" and directed to their targets, From the Center 
comes the operational information on hostile aircraft around which the entire Air Defense 
Mission is predicated. 
CONAD OPERATIONS 

Since CONAD cannot know what is in the mind of an intruder, or upon what basis 
he might decide to launch an àir attack, it must be prepared to go into action seconds after 
it receives a warning of the approach of unidentified aircraft, Its operations are divided 
into these four distinct phases: 

Detection. 

Identification. 

Interception. 

Destruction. 

A description of these functions gives a comprehensive picture of the goal and 
the inner workings of the Air Defense system. 
Detection. . . 

For detection, CONAD relies mainly Оп radar and the voluntary services of the 
Ground Observer Corps. The construction of a main control and warning radar installation 


in the continental United States and the populated part of Canada (Pinetree Chain) has been 
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T 
completed. All the radars in this network are nów operating on a 24-hour per day 
schedule. 

This net givés CONAD good high altitude coverage over a large portion of the 
country, and its deployment was based upon нау factors including location of likely 
critical targets, probable enemy routes of approach, and terrain features. 

Under construction at the present time is the "Mid-Canadian Line" (McGill 
Fence), a radar system to the north of the settled territory of Canada, and construction is 
also underway on a distant early warning radar line (DEW) across the far northern part of 
North America. | 

Coastal picket ships providing seaward radar surveillance are presently 
operated off ће East Coast by the U.S. Navy. | 

Actually, the Continental Air Defense Command hag plans for several hundred 
new radar sites, including a chain of so-called "Texas Towers, “ or sea platforms, extend- 
ing 125 miles off the East Coast from Norfolk northward to Newfoundland. The first Texas 
Tower is now in place in the Atlantic. 

These latter will give an extra margin of protection against seaward attack, 
adding to the Navy's radar picket ships and the radar-crammed Lockheed КС-121 patrol 
planes in moving the fence farther out over the Atlantic and the Pacific. 

In addition to the continental network, the radar detection capability in Alaska, 
Greenland and Iceland is of immense value to the continental Air Defense system, as well 
as for local air defense in those areas. 

These contemplated and established radar systems are in keeping with a polity 


of the United States Government to build outward from the likely target areas. 
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Another integral part of the existing detection system is the Ground Observer 
Corps. This system is organized into areas, each served by a Filter Center requiring 
approximately 18, 000 civilian volunteers to man both the СОС posts and the Filter Center. 

Currently there are 73 Filter Centers, some 16, 000 observer posts and over 
380, 000 civilian volunteers in the system. CONAD needs to have 24, 000 GOC posts and 
l 1/2-million volunteer spotters by the end of 1956. 

Ground observers in the СОС system keep lookout for aircraft flights and 
report them to their Filter Center. Volunteer workers in the Filter Center receive these 
reports, plot the information on a grid map, evaluate it апа, when definite paths of 
unidentified aircraft have been established, report them to a Direction Center. The 
Direction Center, in turn, takes action to intercept and identify the unknown aircraft. 

Each Filter Center is manned permanently with a military detachment of officers 
and airmen, having a dual operational and training mission. Mobile training teams are 
organized and equipped to train the supervisory personnel of the observation posts. In 
addition, the detachment must train from 500 : 1000 volunteers to opérate each Filter Center. 

The Ground Observer Corps is the only means available to permit detection of low 
flying aircraft, and its efficiency in this неин is in direct proportion to the manning achieved, 
the incentive provided to the volunteers, and the amount of training that сап be given. 
Identification. . . | 

The second primary phase of CONAD operations, identification, is probably the 
most difficult because of the tremendous amount of air traffic in the United States. . The only 
effective solution at this time is control of air traffic in certain areas; . .which involves 


the matching of flight plans with radar tracks. 
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The first step in the identification in is the identification of aircraft 
penetrating the borders of the country ànd certain critical interior areas. CONAD, in con- 
junction with the Civil Aeronautics 0 established certain areas which are called 
Air Defense Identification Zones. . .ADIZ. | 

Three types of ADIZ were envisioned initially and subsequently established. 

Each of these has rules and regulations to be observed by aircraft operating in these areas. 
They include an international boundary ADIZ along the U.5.-Canada border, coastal ADIZs 
along thé Atlantic and Pacific Coasts, and domestic ADIZs around critical target areas within 
the United States. 

Interception. .. 

То perform the function of interception, СОМАП has fast jet all-weather fighter- 
шене planes designed for the Air Defensé Mission, апа capable of intercepting and 
destroying the target while the pilot is flying on instruments. 

When aircraft under observation cannot readily be identified by other means, 


the CONAD planes are scrambled by a Direction Center to intercept the unknown aircraft 


and inspect it visually to determine its identify. 

This interception has been performed. daily by such fighter-type planes as the 
North American F-86D Sabre Jet, the Northrop F-89 Scorpion series, and the Lockheed 
F -94C Starfire jet. 

These aircraft will be replaced by a new breed of supersonic, all-weather 
interceptors, led by the Convair Е-102А which began entering front-line Air Defense 
service іп May, 1956. The F-102A speed, ability to locate the target bomber under апу 
conditions and guided missile armament add up to an Air Defense weapon capable of 


countering any known bomber threat. 
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CONAD interceptors are manned by combat-ready pilots, backed by combat-ready 
air controllers, a team that is the backbone of the U.S. Air Defense system. The men of 
this team must be of the highest professional caliber. 

CONAD's fighter-interceptor squadrons are located on bases throughout the 
nation for defense of critical areas, but they are thinly spread.and some important areas 
are unprotected. ADC's minimum requirement will not be met until completion of the Air 
Force 137 combat wing program. 

СОМАО*в present fighting force demands the utmost efficiency in its utilization 
for Air Defense. Any increase in the capability of target detection, tracking and identification 
will result in a directly proportional increase in the efficiency of utilization of the fighter- 
interceptor force available. 

‚ Fighter-type aircraft of other Air Force commands, the Navy and the Reserve 
Forces are available to the Continental Air Defense Command for emergency use. These 
would augment CONAD's air defense forces to a considerable degree, if the demands of 
their primary mission and warning time will permit. 

The USAF recently announced changes in mission and designation for many Air 
Force Reserve Wings. Under the new concept, the Reserve's fighter-bomber wings will be 
assigned on M-day (general mobilization) to Continental Air Defense Command, and then 
be released to the Tactical Air Command. This mission is similar to that already assigned 
the Air Guard's fighter-bomber wings. 

. During an emergency, the Navy commander at CONAD will be able to bring into 
the Air Defense picture Naval aircraft and Naval air stations. Aircraft carriers might be 
used effectively, too. Although the carrier is essentially an offensive weapon, its ability 
to launch jet fighters far off the nation's shores and intercept incoming raids might prove 


valuable in keeping the air battle away from the continental United States itself. 
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Destruction. . . 
The final phase of the four basic Air Defense actions is destruction. The 
destruction of an enemy bomber is a function either of the armamerit carried by the 


high performance aircraft such as the F-102A, development of advanced fire control 
systems, aerial rockets and guided missiles, together with refined radar control. The 
resultant changes in Air Defense tactics, plus improved armament and radar control, 
provide a more effective counter-force against potential bomber attack, 

The Army Anti-Aircraft Command supports the Continental Air Defense 
Command by providing final rings of defense against any enemy aircraft penetrating the 
screen of fighter-interceptors which would go out to meet the attacking bombers. In 
short, the Army has joined with the Air Force to develop what might be likened to a 
defense in depth, 
of the United States against attack by air. Most heavily defended zones are highly populated 
or industrial areas. Many large cities at the present time do not have anti-aircraft defenses. 
The Army. . .like the Air Force. . „сап stretch a defense dollar only во far, and there 
simply are not enough guns: and men to go around. 

In this field, the development of the first operational anti-aircraft guided | 
missile, the NIKE, was a great stride forward. The formation of NIKE battalions апа the 
movement of these battalions to on-site locations in the United States is progressing steadily. 


For use against planes flying át low and medium.altitudes the anti-aircraft troops have a new 
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cannon--the Skysweeper. It is electronically controlled and tracks the target automatically 

while firing 75 millimeter shells at a rapid rate. These two new weapons, the NIKE and the 

Skysweeper, supplement the old standbys of anti-aircraft artillery, the 90mm and 120mm guns. 
CONAD AIR ATTACK WARNING SYSTEM 

based on the supposition that simultaneous, widely diversified air attacks can be directed 

against any or all of the major targets within the United States at any given time. 

To counter this possible scheme of attack, and to minimize the inherent advantages. 
of ‘surprise, alerting procedures and communications systems capable of passing warnings 
throughout the U. S. in a matter of minutes have been established. 

The Division Control Center announces the condition of air defense warning to 
the Federal Civil Defense Administration. Dissemination beyond the key point is in 
accordance with procedures established by state or local civil defense agencies. The entire 
system, embracing some 160 key points, is at all times operational. A similar but separate 
warning system has been established for the notification of key military installations. 

For general use, three conditions of air defense warning, descriptive of the 
air situation, exist: WARNING RED. . . WARNING YELLOW. . .and WARNING WHITE. 

The broad definitions of these conditions of air defense warning are as follows: 

WARNING RED--Attack by hostile aircraft is imminent. 

WARNING YELLOW--Attack by hostile aircraft is probable. 

WARNING WHITE--Attack by hostile aircraft is improbable. (All Clear.) 

An additional condition of warning, but applicable to the active Air Defense 


system, is Air Defense Readiness. It is a means of placing all forces available for air 
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defense at maximum immediate operational capability. It is initiated normally as a result 
of suspicious patterns or actions of incoming unidentified aircraft, or the evaluation of 
current intelligence which indicates the need for extra-precautionary measures. It is not 
announced to the public. 

If a tense military situation should develop prior to actual hostile attacks, the 
CONAD Commander-In-Chief has authority to declare a "military emergency, " and the 
various echelons of the Air Defense Command will further disseminate the fact that a 
military emergency exists and will simultaneously announce a WARNING WHITE to certain 
agencies. In addition to placing forces available for air defense at maximum combat 
potential, this will be the signal to initiate certain actions, one of which is the security 
control of air traffic. The WARNING WHITE will remain in effect as long as military 
emergency or condition of war exists, except diring periods when WARNING RED or WARNING 
„YELLOW аге in effect. As for the general public, the WARNING WHITE is tantamqunt to the 
"al! clear" signal. 

WARNING YELLOW is disseminated to military and key civil agencies and is the 
tip-off for CONELRAD, the control of radio broadcasts and other electrical aids to navigation. 
WARNING RED is passed over the civil and military air raid warning nets and is the signal 
for public warnings as specified by civil defense authorities. 

It is conceivable that the same condition of air defense warning will not be 
' declared in all Air Divisions. The Air Division commander's evaluation of the tactical 
situation in his and adjacent sectors will determine the degree of air defense warning for his 


area of responsibility. 
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CONAD will also put into operation the "SCAT" plan, which established 
procedures and general instructions for the security control of civil and non-tactical 
military air traffic during a military emergency. These procedures provide maximum 
utilization of aircraft and air space by military and civil agencies engaged in essential 
operations. 

The intermingling of friendly unknown tracks and hostile tracks which would exist 
without these security control measures would create a very undesirable, if not impossible, 
identification situation. 

Another problem greatly affecting the need for security control of air traffic 
in all areas of the Continental United States during a military emergency is the employment 
of automatic and radar-controlled air defense weapons. Modern all-weather interceptors, 
guided missiles and anti-aircraft artillery are radar and electronically directed and guided. 
It is not necessary, nor “should it be required in time of military emergency, that visual 
recognition of the target be obtained before the weapon is employed. 

AIR COMBAT INTELLIGENCE 

To complete the Air Defense picture, CONAD has the 4602nd Air Intelligence 
Service Squadron for the rapid wartime exploitation and field analysis of downed enemy 
equipment ànd uniformed personnel within the boundaries of the country. Detachments or 
flights of the Squadron are located strategically throughout the United States to carry out this 
vital mission. 

In the event of an air attack on the Continental United States it can be anticipated 


that a considerabie number of enemy aircraft will be downed by U.S. fighter-interceptor 
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action, by anti-aircraft artillery damage, by exhaustion of fuel, or by mechanical failure. 

The enemy aircraft, the aircrewmen and the documents in the downed aircraft or in possession 
of the aircrewmen, represent significant sources of intelligence information. This informa- 
tion can be of inestimable value in the conduct of air defense operations. . . but only if it is 
collected and transmitted rapidly to the combat units of the Air Defense system. The faster 
this is done, the greater the value realized; hours--even minutes- -will count. 

The 4602nd AISS was created to provide CONAD with the physical capability of 
reaching downed enemy aircraft or crew members quickly, in order to conduct and report 
the results of immediate on-the-spot investigations and interrogations. Intelligence teams 
of the Squadron are prepared to traverse all types of terrain, regardless of weather, by land 
or air, or by parachute to the scene of the crash of any enemy aircraft. 

Thus, America's fence in the sky is going up fast. Last year the Federal Admini- 
stration approved an added $1 billion for Air Defense, and more increases are in prospect. 
With the money CONAD can give the United States a growing margin against calamity, but 
cannot predict the "kill rate" if an attack force of 900 Soviet bombers should strike, 

However, top U.S. strategists believe that the Soviet Union may never make a 
successful 20 any kind of attack--so long as this nation keeps up its guard and, 
above all, its ability to strike back. А strong, alert Air Defense, by its very existence, 


can help to preserve both the peace and the United States. 


GENERAL EARLE Е. PARTRIDGE, USAF 
_ Gommander-In-Chief 
CONTINENTAL AIR DEFENSE COMMAND 
and 
USAF AIR DEFENSE COMMAND 
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Earle Everard Partridge was born at Winchendon, Massachusetts, on July 7, 1900. 


He enlisted in the Army July 10, 1918, at Fort Slocum, New York, and was assigned to 


the Fifth Engineer Training Regiment at Camp Humphries, Virginia. General Partridge 
went to France in August 1918, and served in the Argonne offensive with the 79th 
Division. When the division returned to Camp Dix, New Jersey, in June 1919, he was 
honorably discharged. 

Following a year at Norwich University, General Partridge reenlisted in June 1920. 
A year later he was appointed to the U. 5. Military Academy, was graduated June 12, 
1924, and commissioned a second lieutenant of Air Service in the Regular Army. 
Entering Primary Flying School at Brooks Field, Texas, he was graduated from Advanced 
Flying School at Kelly Field, Texas. After serving ten months in the Third Attack 
Group at Kelly he waa appointed as Instructor at the Advanced Flying, School in July 
1926. He became an instructor in mathematics at the Military Academy in September 
1929. 

Going to the Panama Ganal Zone in October 1930, he was assigned to the Seventh 
Observation Squadron at France Field, and was later transferred to the Sixth Composite 
Group there. 

In December 1932, General Partridge waa assigned to Selfridge Field, Michigan, 


and in July 1936, went to Wright Field, Ohio, as а test pilot. Entering the Air 


Corps Tactical School at Maxwell Field, Alabama, in September of that year, he was 


graduated the following June, and was assigned to the Command and General Staff 
School at Fort Leavenworth, Kansas. He then returned to Maxwell Field as an in- 
structor in the Pursuit Section of the tactical school. Transferring to the South- 


east Air Corps training command in June 1940, he took a major part in establishing 
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flying schools in the Southeast. On October 1, 1940, he was sent to Barksdale Field 
at Shreveport, Louisiana, to start an advanced single-engine flying school. He went 
to Dothan, Alabama, in May 1941, to supervise construction of the single-engine 
advanced flying.school. 

Five months later he was assigned to Air Force headquarters as a member of the 
Air War Plans Division, and in March 1942, was made а member of the War Department 
General Staff to serve on the Joint Strategic Committee, Joint Chiefs of Staff. Не 
assumed command of the New York Air Defense Wing in January 1943. 

The folloving Spring he joined the Northwest African Air Force as operations 
officer and chief of staff of the 12th Bomber Command and later became chief of 
staff and deputy commander of the 15th Air Force. In January 1944, General Partridge 
moved to England and became deputy commander of the Eighth Air Force, and the follow- 
ing June assumed command of the Third Bombardment Division. At the close of hostili- 
ties in the European theater, General Partridge became deputy commander, and later 
assumed command, of the Eighth Air Force and assisted in its reorganization and 
movement to Okinawa in August 1945. 

Returning to Air Force headquarters in January 1946, he became Assistant Chief 
of Staff for Operations. Ти October of the following year he was appointed Director 
of Training and Requirements in the office of the Deputy Chief of Staff, Operations, 
USAF. Assigned to the Fifth Air Force at Nagoya, Japan, in August 1948, he assumed 
command the following October, and took the Fifth to Korea in July 1950. 

General Partridge was named acting commanding general of the Air Research and 
Development Command at Wright-Patterson Air Force Base, Ohio, in June 1951, and on 
July 28, 1951, was designated commanding general of that Command, which had moved to 
Baltimore, Maryland. He became Deputy Chief of Staff, Operations, at. Air Force 


headquarters, on June 30, 1953. 
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On April 1, 1954, General Partridge assumed command of the Far East Air Forces, 
at Tokyo, Japan. 

On June 1, 1955 the General assumed command of the Continental Air Defense Command 
at Colorado Springs, Colorado, at that time the only truly unified all-services organi- 
zation operating within the limits of the United States. 

His decorations include the Distinguished Service Medal, Legion of Merit, 
Distinguished Flying Cross, Bronze Star Medal, and the Air Medal with three Oak Leaf 
Clusters, For his service in the Korean campaign he was also awarded the Distinguished 
Service Cross, Silver Star, two Oak Leaf Clusters to the DFC, and seven Oak Leaf Clusters 
to the Air Medal. His foreign decorations include the French Legion of Honor and Croix 
de Guerre with two Palms; the Polish Order of Polonia Restituta, Chevaler, with 
Commander's Cross with star; the British Companion of the Order of the Bath; and the 
Belgian Croix de Guerre with Palm. General Partridge won the Distinguished Aérial 
Gunner's Medal in 1926, 1927, and 1928. He is rated a command pilot, combat ‘obsérver, 
and aircraft observer. 

General Partridge married Miss Katherine L, Holder on January 27, 1928. They have 
two. daughters, Patricia Earle and Kay Blythe. 

PROMOTIONS 

He was promoted to first lieutenant December 15, 1928; to captain (temporary) April 
20, 1935; to captain (permanent) August 1, 1935; to major (temporary) March 11, 1940; to 
major (permanent) June 12, 1940; to lieutenant colonel (temporary) November 15, 1941; to 
colonel (temporary) March 1, 1942; to brigadier general (temporary) December 9, 1942; 
to major general (temporary) Мау 31, 1944; to brigadier general (permanent) February 
19, 1948; to major general (permanent) June 11, 1948; to lieutenant general (temporary) 


April 11, 1951; to general (temporary) April 1, 1954. 
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AIR DEFENSE CHIEF--Oeneral Earle E. Partridge, USAF, is Commander-In-Chief of the 
joint service Continental Air Defense Command (CONAD) and of the U. S. Air Force's 


Air Defense Command (ADC), with headquarters at Ent Air Force Base, Colorado Springs, 


Colorado. (Official U. S. Air Force Photo.) 
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LT, GENERAL STANLEY В. MIGKELSEN, USA--Chief of U. S. Army Anti-Aircraft 


Command and Army Deputy to the Commander-In-Chief, Continental Air Defense 


Command (CONAD); X(Official U. S. Air Force Photo.) 
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CONAD NAVY DEPUTY--Rear Admiral Hugh H. Goodwin, USN, commands Navy and Marine 


Forces assigned to the Continental Air Defense mission. (Official U. S. Air 


Force Photo.) 
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CONVAIR 


A DIVISION OF 
GENERAL DYNAMICS 


GENERAL OFFICES C O R PO RAT IO N 


SAN DIEGO 12, CALIFORNIA. 
CYPRESS 6-6611, EXT. 216 


THE F-102 AIRPLANE 

The Е-102, built by Convair Division of General Dynamics Corporation at San 
Diego, California, is the world's first supersonic all-weather jet interceptor. 

Its mission is to seek out, intercept and destroy invading enemy bombers before 
the hostile aircraft can reach intended targets on the North American continent. 

To perform its mission the Е-102 utilizes electronic devices which guide the 
plane unerringly to the shortest point of bomber intercept, regardless of the attack- 
ing bomber's evasive maneuvers. | 

Its electronic "eyes" enable the F-102 to locate the hostile plane by day ог 
night, fair weather or foul. Its electronic "brain" enables the F-102 to intercept 
the invader, and its deadly accurate air-to-air ' +40 "Falcon" guided missile 
armament enables the F-102 to destroy the enemy bomber before it reaches its 
American target. 

This is the mission of the Е-102, the faster-than-sound interceptor now enter- 
ing front-line service with units of the Continental Air Defense Command, United 
States Air Force, to bolster America's air ramparts in the age of nuclear bombers, 

This unique and formidable airplane is the result of extensive aeronautical 
engineering and technological development, the culmination of more than a decade 
of research, design and flight testing. 

Its distinctive triangle-shaped delta wing, deriving its name from a letter 
of the old Greek alphabet, provides the stability and maneuverability its mission 


demands, 


— 


The advantages of the delta wing are teamed with a mighty Pratt & Whitney J-57 


turbojet engine to provide the kind of performance this nation's Air Force must 


| have to defend America against air attack. 
EN. 22 
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Тһе Р-102 is a member of the new family of military aircraft known as а11- 
weather interceptors, or bomber destroyers. 

This task of bomber destruction formerly was опё of several assigned to the 
so-called fighter plane. 

Fighter aircraft were piloted by men whose own eyes located the target, and 
whose individual flying skill enabled them to shoot down the opposing ‘plane. 

If the fighter pilot failed to locate the other aircraft, or was unable to 
get close enough to make the "kill" with limited-range machine gun fire or other 
non-guided armament, the opposing plane was free to саггу out its mission. 

But today, in the age of thermonüclear mass destruction, the invader must not 
get through to its target. 

That is why better than human sight, faster than human muscles,” quicker and 
more accurate than human thinking were developed for the air defense planes of our 
time. 


This distinctive new weapon, the bomber-destroying interceptor, is manned by 


a professional pilot who is much more than an airman of skill and courage. Не is 


also a technician who knows intimately the aerodynamic and electronic capabilities 


of his airplane. 


The F-102's development history stretches back to the year 1945. Man of 
foresight in the Air Force even then looked to the day when bombers would attack 
at supersonic spéeds and launch their mass destruction bombs from high in the 
stratosphere. 

The Air Force planners called for a specialized new type of aircraft to con- 
tend with this future threat... ¿a true bomber-destroyer to meet and defeat any 


threat from the skies. 
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In that year Convair, then Consolidated Vultee Aircraft Corporation, was 
designated to make exploratory design studies for such an interceptor airplane. 

The result of this study was the world's first delta wing plane, the experi- 
mental Convair XF-92A, which made its maiden flight at Muroc (now Edwards) Air 
Force Base, in California's Mojave Desert, on September 18, 1948. 

It flight-proved the advantages of the unique delta wing over conventional 
straight wing or swept wing designs, although its powerplant was not intended to 
provide the ultra high speed required for the supersonic bomber-destroyer. 

It was in 195] that the Air Force asked the nation's airframe manufacturers 
to submit their design ideas on the faster-thsn-sound interceptor, a plane that 
would be able to seek out and destroy thé potential high performance enemy bombers 
expected to be flying in the period 1955-58. | 

Several companies, including those with long and noteworthy fighter plane 
experience, submitted their design proposals. The competition was keen, 

Convair's delta wing interceptor design was the most radical of those sub- 
mitted. But behind it was the flight-proved XF-92A...and the Convair design was 
accepted. The result is today's 7-2702. 

Compared to the fighter plane of yesterday, the F-102 is a big aircraft — 
about the same size as а World War II medium bomber. The size is necessary 
because of 118 space requirements for the massive J-57 jet engine, more than 1700 
pounds of electronic eyes, muscles and brain, and potent armament of guided missles 
and rockets, 

Wingspan of the F-102A is 38 feet 1.6 inches, length is 68 feet 3.3 inches and 
the maximum height at top of the vertical fin is 18 feet 2 inches with landing gear 
extended. Sweepback of the delta wing is 60 degrees at the leading edges, Landing 
gear is tricycle type with steerable nose wheel. А drag parachute is used when re- 


quired to aid braking on short landing runways. 
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Although pilot-operated like other jet planes, the F-102A has unique control 
surfaces because of its triangular wing. There are no separate aileron and eleva- 
tor structures, as in conventional aircraft; instead the ailerons and elevators 
are combined in so-called elevons, located on the trailing edges of the wing. The 
rudder is built into the vertical fin, which is also shaped like a triangle. 

The remarkable performance of the Ғ-102А includes the ability to fly at speeds 
over Mach 1 (the speed of sound) in level flight, with gross design loads of jet 
fuel and armament, at altitudes in excess of 50,000 feet, Other data are classi- 


fied for reasons of military security. 
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CONVAIR - AVIATION PACEMAKER 
KAH 


Convair is a major producer of aircraft for the U. S. Air Force, the U. S. Navy 
and commercial airlines around the world. It also is prominent in the development 
and production of guided missiles, 

Convair began May 29, 1923, when Major Reuben H. Fleet founded Consolidated 
Aircraft Corporation in East Greenwich, Rhode Island. The company moved to Buffalo, 
New York, in 1924, and to San Diego, California in 1935. 

Convair's expansion has been marked by several mergers, the first in March of 
1943 with Vultee Aircraft, Inc., of Downey, Calif., with the resultant company Ъе- 
coming Consolidated Vultee Aircraft Corporation...popularly called Convair. 

More recently, on May 15, 1953, Consolidated Vultee was merged with General 
Dynamics Corporation and since that time has operated as a Division of General 
Dynamics. 

The General Offices of Convair Division аге in San Diego, where two major manu- 
facturing plants...one devoted exclusively to production of the supersonic F-102 
all-weather interceptor...are on accelerated schedules. А third Convair production 
facility is being constructed on the outskirts of San Diego for the Atlas inter- 
gontinedtal ballistic missile. 

Other Convair plants are located at Fort Worth and at Daingerfield, Texas, and 
in Pomona, near Los Angeles, Calif. 

Headquarters of General Dynamics Corporation 1s located at 445 Park Avenue, New 
York City; In addition to Convair, other Divisions of General Dynamics are: Electric 
Boat, Groton, Conn.; General Atomic, San Diego, Calif.; Electro Dynamic, Bayonne, 
New Jersey; Stromberg-Carlson, Rochester, New York, and Canadair, Ltd., of Montreal, 
Canada (a subsidiary). 
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HEADQUARTERS 
315Т AIR DIVISION (DEFENSE) 
United States Air Force . 
Snelling Air Force Station 
St. Paul 1l, Minnesota 


September 1956 


PRESS MEMORANDUM 


FROM THE COMMANDER, 31ST AIR DIVISION (DEFENSE) 
UNITED STATES AIR FORCE 


As you probably have heard by now, Ше new Convair F-102A :supersonic 
interceptor is now being phased into operations with the llth Fighter-Interceptor 
Squadron at the Duluth Municipal Airport in Duluth, Minnesota. Duluth is 
among the first bases to get the F-102. In the coming months many other 
Air Defense Command squadrons will be equipped with this potent new aerial 
weapon, i 


In the weeks immediately ahead an extensive effort will be made to acquaint 
the people of the Duluth-Superior area with this new airplane and with the role 
it will play in the defense of their community. This effort will be culminated 
by an open house at the Duluth Municipal Airport to which all the residents of 
the area will be invited to inspect the airplane firsthand and to meet the men 
of the Пт Fighter-Interceptor Squadron who will service and fly it. 


The purpose of this memorandum and the attached press packet is to 
provide you with the informational material for background references and/or 
release as you desire. It will be supplemented with additional releases of 
timely news value as specific events are announced or operational facts dis- 
closed. 

I sincerely hope you will find this information kit of continuing value as 


` a ready reference to the Е-102 and: to the Air Defense component of your 
United States Air Force, | 


WILLIAM А. МАТНЕМУ 
Brigadier General, USAF 
Commander 


HISTORY, ORGANIZATION AND MISSION OF THE 
31ST JOINT AIR DEFENSE DIVISION 


The 3lst Joint Air Defense Division/Air Division (Defense) with headquarters 
at St. Paul, Minn., under the command of Brig. Gen. William A. Matheny, is one of 


16 sectors entrusted with the mission of the air defénse of the continental United 


States, 

Specifically, the 31st Air Defense Division defénds the entire state of 
Minnesota and portions of the states of North Dakota, South Dakota, Nebraska, 
lowa and Wisconsin. 


Radars, fighter-interceptor aircraft and Ground Observer volunteers are 
| 
elements for accomplishing the mission of the 3184 JADD/ADD. 
Headquarters and Headquarters Squadron Section, 31st Air Defense Division 


was activated Oct. 8, 1950, at Selfridge: Air Force Base, Mich., and was soon 


moved to the Minneapolis-St. Paul area for organization. 


The first units assigned to the 3lst Air Defense Division were almost entirely 
federalized Air National Guard units. Most of the fighter installations of the 
command were located on municipal airports. Equipment, land, and people were re- 
quisitioned from all available sources. | Time was preclous and the threat was 
ominous. New construction began in 1951, and the Division became operational 
with World War II "lash-up" radar equipment and F-51 fighter aircraft. 

Brig. Gen. Thomas C. Darcy became commander of the 31st Air Defense Division 
in 1951 and continued in command until General Matheny assumed command in 1953. 

А major reorganization of the 31.5% Air Defense Division took place in 1952 
concerning the streamlining of the command , During the same year most of the 


federalized Air National Guard units were returned to their respective states 
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and were replaced by regular USAF units. 

A conversion to Ғ-89 and Ғ-86 jet fighter aircraft began іп 1953 and is 
continuing. More radar sites were also activated during this period. This was 
followed by a very vigorous systems training program to sharpen skills. Тһе 31st 
Joint. Air Defense Division, a joint Army, Navy, and Air Force command, was estab- 
lished Sept. 1, 1954. | 

During 1955 and 1956 further conversion to Е-89 aircraft took place. At 
present the supersonic Convair F-102 is just entering the 313% Air Defense 
Division inventory, and daily the 315% Á—( more able to perform its assigned 
mission of air defense. (Division insignia attached.) 
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COMMANDER OF 31ST AIR DEFENSE DIVISION 
VETERAN OF ASTATIC-PACIFIC WAR THEATER 


Brigadier General William A. Matheny, formerly commander of the 34th Air 
Division, Kirtland Air Force Base, New Mexico, assumed command of the 315% Air 
Division at Fort Snelling 16 June 1953. (Now headquartered at Minneapolis-St. 
Paul International Airport). 

A native of Carrington, North Dakota, Gen. Matheny entered the USAF as a 
flying cadet in February 1928, two years after his graduation from Marquette 
University, Milwaukee, Wisconsin, with a degree in electrical engineering. 

He was awarded the William Н, Cheney award in 1929 following his graduation 
from pilot training and commissioning as a. second lieutenant in the Air Corps. 
The Cheney award is presented by the USAF Chief of Staff annually for an act of 
valor, extreme fortitude or self sacrifice and humanitarian interest, performed 


| 
during the preceding year in connection with aircraft. 
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| 

Сеп, Matheny served with distinction during World War II in the Asiatic- 
Pacific theater of operations, taking pert in the Central Pacific campaigns. 

He was decorated by Admiral Chester Н. Nimitz, Pacific Fleet Commander, for his 
outstanding service in the Pacifie Theater during World War II. 

After the war he served first as Deputy for Flexible Gunnery for the Commanding 
General, Air Training Command, later, as Chief of the Requirements Division, D/CS 
Operations, USAF. In early 1948 he assumed command of the USAF Advisory Group in 
Greece, | 

In September 1949, he was assigned tb the Eastern Air Force headquarters at 
Mitchell Field, Long Island, New York, 

Gen. Matheny entered ihe Air Derendel 9یس‎ in Fane 1950 with his assign- 
ment аз commanding officer of the 28th Air Division of the Western Air Defense 
Force at Hamilton Air Force Base, California and subsequent. reassignment to the 


command of the 34th Air Division, Kirtland Air Force Base, New Mexico, 

The general is rated as a 00 HA E and. aircraft observer. He is a 
graduate of the National War College in Washington, D. C., attended by high 
level military officers of all branches of the service and their counterparts in 
government service. беп, Matheny!s decorations include the Distinguished Flying 
Cross with Oak Leaf Cluster, the Distinguished Service Medal, the Legion of Merit, 
the Soldiers Medal for heroism and 0 campaign and service. ribbons. 

The commander of the 31st Air Division is married and the father of two sons, 


William A. Matheny, Jr., who is a pilot іт the U. S. Air Force and а younger son, 


Davis F. Matheny, who is attending the University of Minnesota, 


BRIG, GENERAL WILLIAM А. MATHENY ~~ Commander of 31st Air Division (Defense), 


with headquarters at Minneapolis-St. Paul International Airport. (Official 


U, S, Air Force Photo.) 
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. WILLIAM TELL il 
IS OUR AIR DEFENSE 
WAR NOW? 


READY FOR 


D 
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America’s life may well depend on 


accurate answers to these questions. 
Now, a super-realistic series of com- 
petitive large-scale maneuvers will spell 
out the answers for our military experts 
and the world public. 


“William Tell II," is the name of this 
project that will evaluate the inter- 
ceptor’s capability in today’s jet age. 
Scheduled at Tyndall AFB, Florida, 


October 14-23, crews from across the 
nation and overseas will pit their skill 


and the nation's most modern inter- 
ceptors, weapons and electronic sys- 
tems against drone targets flying close 
to the speed of sound. 


Complete realism makes this an acid 
tést of our national air defense, Our 
interceptors must score the kills. while 
the “enemy” drone is far from its objec- 
tive — in the age of nuclear weapons, 
defenders. can’t afford to let raiders 
come close enough to threaten their 
target. To stop an invader at the outer 
perimeter of defense — this is the role 
of Air Defense Command’s interceptors 
today and tomorrow. 


"William Tell II" will be conducted 
under conditions, rules and scoring pro- 
cedures shaped by combat situations 
that would develop in event of an actual 
attack. All elements of the entire air 
defense team are called upon to pér- 
form — and to perform perfectly. 
Ground-based surveillance radar posts 
must locate the “enemy” drones; inter- 


ceptors must scramble in record time, 


and. be guided quickly to their grim 


appointment in the sky by direction 
cénters; missiles are released when the 
time and range are just right. 


Short of an actual attack, this will be 
the most critical test of our long-range 
air defense. It's a test of men and ma- 
chines, the Air Force/industry team — 
and the teamwork between men and 
weapons systems. In more direct terms, 
“William Tell II" will show the strength 
of the shield over America. 


For the first time, press, radio and tele- 
vision representatives will have unre- 


stricted access to performance of 
America’s long-range defense weapons 
— and the public will get an accurate, 
intimate view of the Air Defense Com- 
mand’s ability to protect the nation. In 
the following pages you preview the 
exciting action of “William Tell ТІ? and 
some of the weapon systems that stand 
on guard over America. 


A. shining example of American tech- 
nology in Defense: the Convair F-102 
Delta Dagger interceptor shows its sweep- 
ing lines. Planes of this type will partic- 
ipate in the. meet — will compete against 
Ғ-89, F-100, and F-104 interceptor teams. 


МЕМ 
AND 


ON TEST 25. 


Here is where the years of pilot and ground crew training, the 
decades of aircraft and missile development show up and pay off. 
When the control center unleashes the interceptors at the inbound 
“enemy,” every man knows that more is at stake here than points 
and trophies. There is a deadly earnestnéss about this competition, 
because less-than-perfect performance. by any of the components in 
the tremendously complex machine which makes up Ше U.S. 
Continental Air Defense is a symptom of disaster in the event of 
a nuclear attack. 

And so realistic is this test that it places just às many demands оп 
the men and the machines as a full-scale raid. The ratio of targets 
to interceptors, the spare planes, the number of missiles available 
— all these are held to figures which are representative of our total 
defense strength in the event of a total attack. 

What are the elements in this defensive strength? First and foremost, 
the men. Here are the jet pilots, the "Tigers". In terms of training, 
physical conditions, emotional and mental aptitudes, they are the 
finest we can select from all of our young men. And the pilots com- 
peting in Willtam Tell II are the finest of the finest — an elite within 
an elite. These are the best men from the best interceptor squadrons 
around the world. On the competing teams planes and pilots from 
Alaskan, Japanese, German and many other United States air bases. 
The best pilots can do very little with defective equipment; the fast- 
est interceptors become futile if they do not find their targets. The 
maintenance crews, and the fighter control center personnel are 
thus the other starring partners in the meet. 

lt is fitting that the best of pilots and ground crewmen be teamed 
with the best of interceptors. The Convair F-102A interceptor, illus- 
trated on this page as it unleashes its warload of air-to-air missiles, 
measures up to the men in every way. It has the speed to intercept 
the fastest known long-range raiders, and the range to meet them 
when they are still far from their targets. It has one of the most 
sensitive search and fire control radars aloft in its long needle-nose; 
can hunt, track, close in and kill without the pilot touching the 
controls. A missile with a man aboard, it carries up to six air-to-air 
guided weapons, and can pack nuclear armed air-to-air rockets. 
More F-102s than any other interceptors will compete at the World- 
Wide Weapons Meet: no less than 6 teams, coniprised of 4 
planes each. Soon the F-102s will bé joinéd by a number of brand- 
new F-106s, sister ships from the Convair Division, which have just 
begun to enter squadron service. The Е-102 and F-106 are delta- 
winged look-alikes, but the brand-new F-106 Delta Dart has 50% 
more power and can Яу for sustained periods at twice the speed 
of sound. | 
By contrast, the most seasoned interceptor to compete at this year's 
meet will be the well-proved Northrop F-89 Scorpion, in service 
since 1955. This reliable protector of our air frontiers has proved 
in previous tests to be the most stable firing platform aloft. This is 
particularly important in that it fires unguided weapons such as the 
“Genie” atomic-armed air-to-air rockets, as it will in. this meet. 
And from the same Northrop stable comes the newest fighter-trainer 
to join the Air Force advanced training squadrons. The new T-38 
is a lightweight, low cost, supersonic two-seater, which will school 
the sharpshooters destined to compete in the World-Wide Weapons 
meets years from now. It has its fighting counterpart in the single- 
seat NF-156 “Freedom Fighter,” which is the first small-scale inter- 
ceptor to match the performance and combat efficiency of the big, 
burly interceptors. 

Other interceptors in competition. at the meet: the Lockheed Е-104 
Starfighter, with the highest top speed and ceiling of any fighter now 


flying for the West; and the North American. F-100 Super Saber, 


the Air National Guard's bid for victory in William Tell 1I. 


During William Tell IT, and during any 
dead-earnest aerial engagement of the 
future, opponents will strike at each 
other with missiles — more accurate, 
more deadly, and longer-ranged than 
aerial cannon or machine guns. Too, 
the refiexes of pilots and the maneuver- 
ability of interceptors would be taxed 
to the limit and beyond by the demands 
of gunfire at twice the speed of sound. 


In the skies of today, there are two 
basic kinds of air-to-air weapons: un- 
guided rockets with a nuclear punch, 
which do not néed the accuracy of a 
direct hit or even a near miss; and 
guided weapons which have already 
demonstrated near-miracufous. accu- 
racies in maneuvers, 


The Philco Sidewinder, shown above, is 


a prime example of the latter type. This. 


air-to-air weapon combines to an un- 
precedented degree the virtues of per- 
formance, accuracy, reliability, light 
weight and low cost. 


Sidewinder is so light that even the 
relatively small Lockhead F-104 can 
carry two missiles; 50 accurate that 
test models with inert warheads have 


MISSILES 


knocked Йагев off drone wings without 
otherwise damaging the pilotless target; 
utterly reliable because. the entire Sidė- 
winder guidance system contains Еемег 
elements than the average TV set; and, 
as guided missiles go, one of the least 
expensive of them all ($7,000 each). 
Sidewinder is guided by infrared; it is 
a heat-seeking missile. This means that 
it steers itself toward a source of heat 
in the sky, and continuously corrects 
its course until it hits. In actual combat, 
Sidewinder would move into thé hot 
exhaust stream of the enemy plane or 
air-breathing missile, and detonate 
within the tail-pipe of the jët engine. 
Alone among all American guidéd 
weapons, Sidewinder is combat-tested. 
Numérous victories scored by Chinese 
Nationalist pilots flying the F-86 Sabre 
jets. can. be chalked to the first Opera; 
tional action of Sidewinder missiles. 
Philco is now well advanced with the 
development of a new and longer- 
will Бе-тоте than а match for the still- 
faster fightérs of the future. 
Sidewinder never sleeps. The homing 


> 


system stays live from takeoff on — 
scans the skies ahead of the interceptor 
with the: great unwinking'eye that forms 
the. entire front section of the missile. 


When a signal tells the pilot that he 
has. moved within firing range, he can 
unleash his team of killers with the 
knowledge that each one has. already 
sighted the enemy ahead.. 


Radar-guided missiles, on the other 
hand, must start their hunt for the: 
enemy after launching — and they аге 
more vulnerable to electronic counter- 
measures than héat-seeking types. How- 
ever, since Sidewindérs and other heat- 
seeking missiles do not perform. well 
in dense haze or cloud layers, modern 
interceptors must carry à different type 
of guided weapon for missions where: 
such conditions are expected. 

The Hughes Falcons:are missiles:in this 
category. While some Falcons. are 
guided by. infrared, most use а radar 
guidance system. which performs 
equally well at all altitudes and weather 
conditions. 

Chancés are that the fighters of the 
futuré will carry missiles of both types 


when flying оп interceptor missions. 
Armed with mixed. warloads, they are 
loaded for bear — come what may. 


During the William Tell II meet, Side- 
winders will be fired by F-104 and 
F-100 teams, Douglas Genie rockets by 
the Northrop F-89s, and Falcons by the 
delta-winged Convair F-102s. 


Instead of high-explosive or nuclear 
warloads, each missile will carry ап in- 
genious transponder system in its nose; 
designed to call the shots with super- 
human accuracy. 


Within 10 to 15 seconds of each firing 
run, personnel at a remote ground sta- 
tion can determine the closest distance 
between Firebee and Sidewinder, Genie 
or Falcon. This measurement is taken 
automatically, in. any weather, by day 
or by night. 


The actual interceptor-target-missile 
contest can take place over one hun- 
dred miles away. The record shows in 
actual feet how close each missilé came 
on its deadly errand. 


Since explosive warheads are not саг- 
ried, target missiles can be used over 


and over again, except in the case of 
à mid-air collision between Firebee and 
interceptor missile. 


Missiles fired in anger, it must be re- 


membered, аге so designed as to deto- 
nate when they flash past the foe. Even 
high explosive warheads can be lethal 
to a bomber in the case of a ‘miss’ by 
scores of feet. 
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Gone are the days when а towed target sleeve made а fine 
training aid for the interceptor pilot. To test the combat-readiness 
of our pilots against today’s jet bombers, we need targets with the 
speed and the ceiling of a full-scale enemy. The Ryan Firebee is 
such a target. 


And the Firebee achieves this big-bomber performance in ап 
amazingly. small, reliable, economical package. Even when a Firebee 
1$ so severely hit on its first “mission” that it can never be flown 
again, it more than pays its own way in pilot. skill and confidence... 
in. fact, the missiles expended against if in just a few firing runs 
soon exceed the cost of their fast-flying target. 


Here are some of the records scored. by individual Firebee drones. 
Top speed: 600 mph plus + endurance: one hour and 4312 minutes 
* distance: 152 miles from control station and return • ceiling: 
53,500 feet * maximum recoveries: [9 with a single Firebee. 


Veterans of more than 1400 flights altogether, Firebees have 
starred in previous meets, They have proved amazingly tough — 
have flown with shrapnel-riddled fuselages and broken turbine 
blades. This year, most will survive to stand. in again for the full- 
size foe in other training flights; since the missiles are unarmed, 
nothing short of a shattering collision will bring down a Firebee — 
for keeps. 


If airworthy at the end of the first aerial combat, the drones will 
keep up their raid off the U.S. shores while more firing runs are 
made against it. Then, their fuel exhausted, the Firebees are para- 
chuted into the sea, picked up by helicopter, and returned to Tyndall 
Air Force Base to fly and “fight” again. 


Firebees can really make things tough for the interceptor crews 
bent on the kill. They can be programmed to fly high above 30,000 
feet, or they can dive down to. just a few thousand feet — without 
warning. They can be made to bank, and turn, or make a run for 
cloud cover. They can, in fact, use just about every trick in a hostile 
raider's book — except firing back at their tormentors. 


As the performance of jet bombers and air-breathing missiles rises, 
it must be more than matched by the interceptors. Our newest inter- 
ceptors, like the Convair F106, for instance, are all capable of flying 
at twice the speed of sound — and the next generation will have to 
hit the Mach 3 mark (three times the speed of sound). 


And the speed of the target missiles must keep pace. To this end, 
Ryan has brought about the Q-2C — the transonic Firebee. 


Now in production for the Air Force, this néw target drone is no 
sitting duck. It has recently set a whole series of world records for 
target missiles — for altitude and duration-at-altitude. 


The transonic Firebee flies at Mach .95 — calls for supersonic clos- 
ing speeds on the part of interceptors in anything but a head-on 
firing run. It can climb to 59,000 feet — altitudes at which its foes 
cannot maneuver as freely farther on down and where realistic 
"snap-up" maneuvers may be necessary düring the firing runs. 


Best of all, the new Firebee has real endurance at these performance 
levels. In one recent test, the small missile cruised for over 77 min- 
utes at above 50,000 feet — long enough for a great many realistic 
firing passes by our interceptors. 


The needle-nosed transonic Firebee is the result of the Ryan Aero- 
nautical Company's ten years of design and operational experience 
in the jet target field. 


Another stage in the evolution of the target drone, a supersonic 
Firebee is also well advancéd — proniises to test the mettle of men 
and their flying machines years from now, 
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SAGE — Semi-Automatic Ground En- 
vironment. — is the name of our vast new 
electronic air warning network. Just as 
human reflexes are no longer fast enough 
to fight and fire at space age speeds, 
human brains can no longer make the de- 
cisions fast enough to react against a 
mass attack from the air. 

The concept of SAGE is simple: to com- 
press the time between the first warning 
and the reactions of air defense — and 
make each reaction the right one. On the 
job, SAGE 15 a system of unbelievable 
capability. 


SAGE — devised by the Lincoln Labo- 
ratories of MIT — must keep track of 
data fed to its computers from thousands 
of sources: land-based, air- and ship- 


borne radars scattered from coast to coast 
and beyond. SAGE must ‘know’ about the 
defensive capability of the entire nation: 
how many weapons, interceptors, missiles 
we have on hand and. їп reserve — where 
each one is poised for action — what 
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each сап do. Then, SAGE must be ‘in- 
formed’ as to the nature of the threat: 
how many raiders, how high, how fast, 
and where headed. Finally, SAGE must 
‘act’: calculate and provide the data upon 
which the vital decisions of air defense. 
are based. The time required to store and 
recall information of this type is measured 
in. microseconds. Millions of bits of in- 
formation may be stored in the computer 
for instantaneous release. 


Heart of the SAGE system is the Inter- 
national Business Machines Corporation 
computer called the 'AN/FSQ-7. This 
computer digests radar returns from all 
sources, plus flight plans and weather 
information. [t translates this information 
into an over-all picture of the air situa- 
tion, automatically computes the track of 
a target and controls an intercepting 
missile or plane in flight. It is this 
computer which provides data for the 
most effective employment of defensive 
weapons, 

ч 


SAGE computers: are engineered, manu- 
factured, installed and maintained by 
IBM's Federal Systems Division. 

During William Tell II, a substantial 
segment of the southeastern SAGE system 
will be part of the competition. It will 
help track the ‘hostile’ drones, and un- 
leash interceptors at just the right moment, 
steer them to the best of all possible 
courses. and altitudes. 

If necessary, SAGE could even take over 
during the closing run and the kill. The 
autopilots of interceptors are so designed 
that the plane can be flown right to the 
firing point by the SAGE control center, 
while the pilot merely checks on 
the instruments and acts as a monitor 
over the supersonic fight. 

In terms of men, machines, and concepts, 
our Air Defense Command works daily 
with the best resources, on the most im- 
portant task of our times; to avert арртеѕ- 
sion and assure a lasting peace. William 
Tell II will show that our defense is up 
to the job. à 


